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Chapter I 


SUMMARY AND CONCLUSIONS 


The scope of this investigation involves collecting, 
tabulating and interpreting all available hydrogeologic data 
Tor the Detrital and Hualapai groundwater basins of 
northwestern Arizona. The objective of the study ‘is to 
characterize the groundwater flow system and make a limited 
water quality analysis in order to provide the U.S. Bureau of 
Land Management (BLM) with data for water resources planning 
and development. Because recent groundwater studies (Gillespie 
and Bentley, 1971; Remick, 1981) have been done in the Hualapai 
basin but not in the Detrital basin, emphasis was placed 
primarily on collecting and analyzing new data for the Detrital 
basin. Secondary emphasis was placed on updating and analyzing 
available data for the Hualapai basin. 

A field investigation was carried out during March, April 
and May 1982, during which 120 wells and 14 springs were 
visited by Geo/Resource Consultants (GRC) personnel. Data 
collected at the sites included land elevations, water levels 
and discharge rates. Samples for water quality analysis were 
taken at selected sites. 

The study area includes Detrital Valley, Hualapai Valley 
and the northern end of Sacramento Valley. The major mountain 
ranges bounding the valleys are the Black Mountains, Cerbat 
Mountains, White Hills and Grand Wash Cliffs. 

Surface and groundwater drainage in Detrital Valley flows 
north toward the Colorado River at Lake Mead. Surface and 
groundwater drainage in the Sacramento Valley flows south and 
then west, also to the Colorado River. Hualapai Valley is a 
basin of closed surface drainage. Red Lake playa marks the 
lowest point of surface drainage in that valley. Nevertheless, 


groundwater exits the Hualapai basin both to the north and to 
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the southeast. Most of the groundwater flows north to the 
Colorado River at Lake Mead. A small portion of the groundwater 
exits the basin to the southeast, near the town of Hackberry, 
and flows toward Big Sandy Valley. 

Essentially all of the streams in the study area are 
ephemeral. Stream flow is generated in the mountains in 
response to summer and winter storms. However, surface flow 
rarely reaches the central parts of the valleys because most of 
it is lost to infiltration and evapotranspiration on the upper 
and middle portions of the alluvial fans. This infiltration of 
streamflow on the alluvial fans is the primary source of 
recharge to groundwater beneath the valleys. 

The only major community in the study area is the City of 
Kingman. Groundwater is the main source of water in the study 
area, and it is used principally for the municipal supply for 
Kingman and for irrigation in the southern Hualapai Valley. 
Groundwater is also used for municipal supplies at smaller 
communities, stockwatering, domestic supplies and small 
industry. 

With respect to geology, most of the study area lies 
within the Basin and Range province, although the Grand Wash 
Cliffs on the eastern side of the study area form the edge of 
the Colorado Plateau province. The mountain ranges in the study 
area are tilted fault blocks flanked by north-striking normal 
faults. The valleys are the surface expressions of the 
intermontane basins formed between the tilted fault blocks. The 
mountains consist of Precambrian igneous and metamorphic rocks 
overlain by two volcanic rock units, called older and younger 
volcanics. In addition, Paleozoic sedimentary rocks cap the 
Grand Wash Cliffs. The basins are filled with younger volcanic 
flows, clastic sediments and evaporite deposits. The clastic 
sediments are divided into older, intermediate and younger 
alluvium. The older alluvium is interbedded with both the 


younger volcanics and evaporite deposits. Data suggest that 
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basin fill beneath the Hualapai Valley is more than 10,000 feet 
thick. Basin fill beneath Detrital Valley is probably at least 
1,000 feet thick. 

The Red Lake Salt body beneath the middle of Hualapai 
Valley may be on the order of twelve miles long, five miles 
wide, and two miles thick. The Detrital Valley salt body 
extends over several square miles beneath northern Detrital 
Valley, straddling the project area boundary. This salt body 
attains a maximum thickness of 715 feet. The hydrogeologic 
Significance of large salt bodies is three-fold. First, because 
salt is relatively impermeable, a large salt body in a 
groundwater basin may impede groundwater flow substantially. 
Second, the presence of large volumes of salt beneath the water 
table is likely to have a deleterious effect on groundwater 
quality. Third, because the salt bodies are potential targets 
for exploitation, their presence has generated a great deal of 
test data, which have enhanced present understanding of the 
groundwater flow system. Furthermore, if the salt bodies are 
exploited in the future, the development would probably include 
industrial use of groundwater pumped from the alluvial basins. 

The older alluvium, which underlies the valleys, is the 
main aquifer in the study area. Secondarily, the younger 
volcanic rocks are the most important aquifer in the mountain 
areas. The younger volcanics yield moderate amounts of water, 
through fractures and interbedded agglomerate and gravel, to 
wells near Kingman. | 

All of the hydrogeologic data collected and compiled by 
GRC are incorporated into a hydrogeologic map, which depicts 
our interpretation of the groundwater flow system throughout 
the study area. Beneath Detrital Valley, hydraulic gradients 
range from .001 to .O44 foot per foot. The depth to water 
ranges from approximately 40 to 800 feet. Well yields in 
Detrital Valley range from about ten to 130 gallons per minute 


(gpm). The greatest concentration of the higher producing wells 
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occurs near Dolan Springs. We estimate that the total average 
annual consumption of groundwater in Detrital Valley is 
probably less than 500 acre-feet per year (af/yr). With regard 
to changing water levels with time, we assume that Detrital 
Valley groundwater levels are at approximately steady-state. On 
the basis of computations using Darcy's Law, we conclude that 
the minimum rate of groundwater outflow from Detrital Valley is 
on the order of 2,100 to 3,400 af/yr. As the result of a water 
balance, we estimate the minimum annual groundwater recharge to 
Detrital Valley to be approximately 2,600 to 3,900 af/yr. 

The groundwater flow system in northern Sacramento Valley 
is complex. The presence and location of the Cerbat Mountain 
block range-front fault in this area is suggested by both 
geologic and hydrologic data. A secondary fault east of the 
main one is also postulated. Tennessee Wash Well, which is 
owned by the BLM, is dry probably because, of its spatial 
position between these two apparent faults. Discrepancies in 
water levels in several wells drilled deep into alluvium in the 
northern end of Sacramento Valley suggest the presence of 
confining layers at depth. Most of the groundwater pumped from 
the northern end of Sacramento Valley is used as the municipal 
supply for the town of Chloride. 

Beneath Hualapai Valley, hydraulic gradients range 
from .001 to .023 foot per foot. The depth to water in the main 
Hualapai basin ranges from approximately 300 to 900 feet. In 
the Truxton Wash-Hackberry area, the depth to water ranges from 
approximately 20 to 600 feet. Well yields in the Hualapai basin 
range from ten gpm for domestic wells to 1600. gpmsstor 
irrigation and municipal wells. The only area in the Hualapai 
basin with major groundwater level declines is the Truxton 
Wash-Hackberry area. The water level decline in this area 
ranges from about 20 to 75 feet from the early 1940's to 1980. 

The following Hualapai Valley data are quoted from several 


different investigators. The groundwater consumption has 
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increased from less than 500 af/yr in 1960 to 6,000 af/yr in 
1980. The estimated hydraulic conductivity ranges from 60 to 90 
gallons per day per square foot, and estimates of aquifer 
transmissivity range from 22,000 to 44,000 gallons per day per 
foot. Another source indicates that transmissivity values near 
Red Lake range from 2,100 to 27,000 gallons per day per foot. 
One source estimates that the total subsurface outflow from the 
Hualapai basin is 5,000 af/yr, and the average annual recharge 
to the system is about the same. An alternative source 
indicates an average subsurface outflow of 2,400 to 3,800 af/yr 
and an average annual recharge rate of 8,000 to 12,000 af/yr. 
We believe that the latter estimate of average annual recharge 
is more reasonable. 

In the younger volcanics near Kingman, well data suggest 
the presence of a northwest-striking barrier to groundwater 
flow, possibly a fault. North of the barrier groundwater flows 
southeastward, possibly through an interbed of agglomerate or 
gravel in the volcanic strata. In wells south of the barrier, 
water levels are about 300 feet lower than those in wells just 
north*of®*the barrier. 

In the mountain areas, groundwater occurs in fractured and 
weathered zones of the Precambrian igneous and metamorphic 
rocks, fractures and solution channels in the Paleozoic 
sedimentry rocks, and fractures and tuff beds in the volcanic 
rocks. The distribution of groundwater in this type of terrain 
is localized and complex. In the White Hills, groundwater 
occurs not only in fractured or weathered bedrock, but also in 
pockets of alluvium that are quite deep and extensive relative 
to most occurrences of alluvium in the mountains. We conclude 
that the geology and the groundwater flow system in this area 
is very complex, possibly with many bedrock faults which create 
bedrock outcrops separated by small, alluvial, groundwater- 
bearing basins. 


Five dry holes in the study area were drilled recently by 
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the BLM. All five wells were drilled mostly in crystalline 
bedrock an or near the mountains, whereas the major 
groundwater-bearing unit in the study area is the alluvium 
beneath the valleys. The wells are dry because they are 
unfavorably located with respect to a complex groundwater 
system in fractured or weathered bedrock. We have no specific 
evidence that drilling methods were responsible for any of the 
well failures. 

Groundwater quality in the Detrital and Hualapai basins is 
moderate to good. Some constituents, principally heavy metals, 
are locally concentrated in areas affected by mining. The major 
cations and anions exhibit variations in concentration over 
roughly one order of magnitude, with values generally grouped 
near the ends of the range. The higher concentrations occur in 
wells near the perimeter of the alluvium, close to the 
surrounding mountains. In contrast, the sites exhibiting lower 
ionic concentrations generally occur in the central parts of 
the alluvial valleys. Possible reasons for this notable 
difference in water quality with location include (1) distance 
the water travels through weathered bedrock between the 
recharge area and the discharge point at the well, (2) density 
stratification within the groundwater, which keeps the more 
mineralized water below the level of most wells in the central 
alluvim, (3) availability of fresh recharge waters to the upper 
alluvium, and (4) immobilization of dissolved minerals by clay 
lenses within the alluviun. 

Table 1, which is placed at the end of this chapter, 
comprises a summary of the wells we recommend for future water 
level monitoring. Six wells in Hualapai Valley, listed at the 
top of Table 1, are already being monitored annually by the 
U.S. Geological Survey. Monitoring of these six wells need not 
be duplicated by the BLM. Other information listed in Table 1 
includes the length of previous record available for each 


selected well, a brief description of the local hydrogeologic 
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area the well is intended to represent, and in some cases, an 


alternative site. 
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Table 1: RECOMMENDED WELLS FOR FUTURE WATER-LEVEL MONITORING 


HUALAPAT VALLEY: 


Hualapai Valley 
wells monitored 
annually by U.S. 
Geological Survey 
(USGS) 


HUALAPAT VALLEY: 


Main Basin 


Years of 


Well Number Available Data Remarks 


(22-16) 3cbb 
(23-13) 32aca 
(24-14) 28cad 
(24-16) 1ddd 


(26-18) 3aaal 


(28-17) 31cce 


(22-16) 26bac 


(23-15) 8cda 


(26-17) 35aaa 


(27-16) 33baa 


1980-1982 
1944-1982 
1943-1982 
1965-1982 
1980-1982 


1965-1982 


1967, 1980 


1965, 1980 


1958-1980 


1965-1980 


Main basin, southern area 
Hackberry Wash 

Lower Truxton Wash 

Main basin, middle area 


Tributary valley south of 
Table Mountain Plateau 


Main basin, north of Red Lake 


Main basin, southern area; 
alternate site is (22-15) 
33dad, data available 1965, 
1980. 


Main basin, southern area; 
Optional 


Main basin, south of Red Lake; 
alternate site is (26-17) 23ccc, 
data available 1958, 1980. 


Main basin, northern Red Lake; 
alternate site is (27-17) 
23cac1, data available 1973, 
1980. 
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Page 9, 263-1H--Table 1: RECOMMENDED WELLS FOR FUTURE WATER-LEVEL MONITORING (cont'd) 


Years of 


Well Number Available Data Remarks 


HUALAPAI VALLEY: (22-13) QYabc 1952, 1980 Hackberry Wash 
(23-13) 19deb 1944-1981 Upper Truxton Wash; well shows 
Truxton Wash- water level decline 1944-1965, 
Hackberry Area then rise 1965-1981. 
(23-13) 29aaal 1943, 1944, At mouth of Truxton Canyon 
1980 
(23-14) 24bab1 1965, 1980 Upper Truxton Wash; well shows 


water level decline 1965-1980, 
versus wells (23-13)19dcb, 
(23-14) 3ade, (24-14) 29aaa 


(23-14) 3ade 1943-1980 Lower Truxton Wash; well shows 
water level decline 1943-1965, 
then rise 1965-1980. 


(24-14) 29aaa 1944, 1952, Lower Truxton Wash; well shows 
1964, 1980 same trend (water level 
decline 1944-1964, rise 1964- 
1980) as USGS well (24-14) 
28cad, but with less extreme 


fluctuations. 
YOUNGER VOLCANICS (21-17)3cda4 1979, 1982 Up-gradient data point north 
NEAR KINGMAN of flow barrier. 
(21-17) 14eeb 1978 Down-gradient data point north 


of flow barrier; alternate 
site is (21-17)14bec, data 
available 1978. 


(21-17) 23bbb 1977 South of flow barrier; 


alternate site is (21-17) 
24bea, data available 1979. 
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Page 10, 263-1H--Table 1: 


DETRITAL VALLEY 


DED 


Years of 


FOR FUTURE WATER-LEVEL MONITORING 


Well Number Available Data Remarks 


(25-19) 11¢bd 


(25-19)30aaa 


(25-20) 15aaa 


(26-19) 36ceb 


(27-21) 24edd 


(28-21) 20aac 


(28-21) 26bbd 


(29-21) 35cece 


1978 


1966, 1979 


only one 
measurement ; 
date unknown 


1978 


1976 


1980 


1981 


1977 


Near Dolan Springs; alternate 
site is (25-19)3ccc, data 
available 1981 only. 


Well cluster SW of Dolan 
Springs; only well in Detrital 
Valley alluvium with more than 
one year of water level data. 


Well farthest down-gradient in 
well cluster SW of Dolan 
Springs. 


Stream channel NE of Dolan 
Springs; alternate site is 
(25-19)1bab, data available 1981. 
Mid-valley well cluster; 
alternate sites are: (27-21) 
24bde, data 1978; 25baa, data 
1980; 25ddce, data 1965. 


Alluvial fan west side of 
north Detrital Valley. 


North Detrital Valley 


North Detrital Valley 
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Page 11, 263-1H--Table 1: DED LS_ FOR FUTURE WATER-LEVEL MONITORING (cont'd 


Years of 


Well Number Available Data Remarks 


NORTHERN (22-18) 3aad 1982 Upthrown side of main "fault"; 
SACRAMENTO VALLEY: alternate site is (23-18) 

35cec, data 1973. 
Wells on cross- (22-18)5dbe 1969 Downthrown side of main "fault"; 
section CC! down-gradient data point for 
(Figure 6) three wells with deep 


piezometric surface. 


(23-18) 32dad1 1968 Downthrown side of main "fault"; 
up-gradient data point for 
three wells with deep piezo- 
metric surface. 


(23-18) 33cbe 1981 Downthrown side of main "fault"; 
well with upper potentiometric 
surface versus three deep wells. 


NORTHERN (23-18)6aad 1982 Upthrown side of secondary 
SACRAMENTO VALLEY: "fault" 
Wells on cross- (23-18)6adb 1969 Downthrown side of secondary 
section AA' "fault"; upthrown side of main 
(Figure 6) "fault". 

(23-19) 12acd 1982 Downthrown side of main 


"fault"; dry in 1982; water 
table may be near base of 
hole, so if water table rises, 
water level may become 
measurable. 
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Chapter II 


INTRODUCTION 


OBJECTIVES AND SCOPE OF STUDY 

The general objective of this investigation is to 
characterize the groundwater flow system and make a limited 
water quality analysis for two desert basins in northwestern 
Arizona, the Detrital and Hualapai basins. The results of the 
study are intended to provide the U.S. Bureau of Land 
Management (BLM) with data for water resources planning and 
development in the area. The specific objectives of the 
investigation comprise the following: To determine the 
mechanism and direction of groundwater flow and the hydraulic 
gradient of the system; to relate this information to several 
recently-drilled BLM wells which are dry; and to determine why 
the dry holes occurred, including the extent to which drilling 
methods and geologic structure influenced the failure rate. 

In general, the scope of the project involves collecting, 
tabulating and interpreting all available hydrogeologic data 
for the study area. Because recent groundwater studies 
(Gillespie and Bentley, 1971; Remick, 1981) have been done in 
the Hualapai basin but not in the Detrital basin, emphasis was 
placed primarily on collecting and analyzing new data for the 
Detrital Basin. Secondary emphasis was placed on updating and 
analyzing available data for the Hualapai basin. Specific 
project tasks are summarized as follows: 

(1) Collect all available geologic and hydrologic data 
including literature, maps, driller's reports, well logs, 
well data tables, and data on aquifer hydraulic 
characteristics; 

(2) Carry out a field examination of selected well and spring 
sites; confirm the existence and location of the sites; 


measure water level and discharge rates at wells; measure 


elevations and discharge rates of springs; take samples for 
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water quality analysis at selected sites; fill out field 
inventory forms provided by the BLM for each site 
field-checked; 

(3) Compile all data collected by Geo/Resource Consultants 
(CGROJin “the “fiteld; “torether with data from all other 
sources, into tables of well and spring data and tables of 
water quality data; 

(4) Synthesize a geologic map from published literature and 
maps, and from geologic mapping by GRC based on aerial 
photograph interpretations; 

(5) Compile a hydrogeologic map which includes geologic units, 
well and spring data, water level contour lines’ and 
groundwater flow lines based on GRC's interpretation of the 
data; 

(6) Interpret and analyze the available data in order to 
describe the occcurrence, movement, availability and 
chemical quality of groundwater in the Detrital and 
Hualapai Valleys and the surrounding mountains; 

(7) Select representative wells to be measured periodically by 
the BLM to detect and record changes of water level. 


ATTACHMENTS INCLUDED WITH THE REPORT 
The attachments listed below are included with this 

hydrogeologic report. 

(1) Tables of well and spring data: 
These tables, along with an explanation, appear in 
Appendix A. The well data table includes all wells in the 
study area for which we have any data. All wells in the 
table are located on Plate 1, the geologic map. The spring 
data table includes only the springs field-checked by GRC. 
All of these springs are located on both Plates 1 and 3, 
the geologic map and hydrogeologic map, respectively. 

(2) Tables of water quality data: 
These tables appear as Appendix B. The tables include data 
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for all sites sampled by GRC during the field 
investigation, as well as data from two other sources 
(Remick, 1981; Gillespie, Bentley and Kam, 1966). 

(3) Completed well and spring inventory field forms for all 
sites field-checked by GRC. 

(4) Plate 1--Geologic Map of the Kingman Study Area: In 
addition to geology, the map includes symbols locating all 
of the wells and springs listed in the well and spring 
data tables (Appendix A), plus all of the springs within 
the study area mapped by Remick (1981), and any additional 
springs with post-1975 elevation measurements reported by 
the U.S. Geological Survey. 

(5) Plate 2--Schematic East-West Geologic Cross-Section through 
the Kingman Study Area. 

(6) Plate 3--Hydrogeologic Map of the Kingman Study Area: 

The specific data incorporated into this map are discussed 
in the introductory section of Chapter 5, Groundwater 


Occurrence and Movement. 


STUDY AREA LOCATION 

As shown on Figure 1, the study area extends over 
approximately 2,300 square miles in northwestern Mohave County, 
Arizona. The principal features in the area consist of the 
approximately north-south trending Detrital and Hualapai 
Valleys and their bounding mountain ranges, the Black 
Mountains, Cerbat Mountains, White Hills and Grand Wash Cliffs. 
The northern end of Sacramento Valley, which lies along strike 
with and south of Detrital Valley, also lies within the study 


area. 
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FIELD INVESTIGATION 
Extent of Coverage 

In order to collect data for the hydrologic analysis and 
to verify the current status of many of the wells and springs 
in the study area, 134 sites were visited in the field during 
March, April and May 1982. The sites consisted of 120 wells and 
14 springs. Most of the locations were known from data supplied 
by the U.S. Geological Survey and the Arizona Department of 
Water Resources; some were discovered in the field. Detrital 
Valley (including portions of the Black Mountains, Cerbat 
Mountains, and White Hills) and the Grand Wash Cliffs were 
covered extensively. Sixty seven sites were visited in Detrital 
Valley, and twenty in the Grand Wash Cliffs. This constitutes 
virtually every known well in Detrital Valley and many in the 
Grand Wash Cliffs. Because data from recent studies (Gillespie 
and Bentley, 1971; Remick, 1981) are available for Hualapai 
Valley, less field time was spent there tian An Vetrital 
Valley. Our approach in Hualapai Valley was to verify existing 
conditions and document changes which occurred since Remick 
completed his investigation in 1980. Also, less field time was 
spent in Sacramento Valley. Approximately 25 percent of the 
wells and springs in Hualapai Valley and 50 percent of those in 


the northern portion of Sacramento Valley were field-checked. 


Data Collected 

A variety of data was collected at each site and recorded 
on standard well and spring schedule forms provided by the BLM. 
Additional data, which may be useful to future investigators, 
are included in the "remarks" section of the schedule forms. 
Sketch maps of each site are provided, and driller's logs and 
water chemistry analyses are included for sites where this 
information was available in the field. Whenever water depth, 
discharge, or other measurements were made by the land owner or 


a party other than the field investigator, the source of the 
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measurement is clearly noted on the form. In some instances, 
landowners provided very useful information which otherwise 
would have been impossible to obtain. 

The Area Manager of the Bureau of Land Management, Kingman 
Resource Area, sent a letter to many of the local landowners. 
In the letter he requested permission for access to private 
property for GRC personnel so that the field work could be 
carried out. A form was included on which the property owner 
could grant or deny permission for access to the site, and the 
form was to be returned to the BLM. Approximately 50 percent of 
those persons contacted returned the forms. Most of the 
landowners were also approached in sipersone byjwathe...f iecld 
investigator. All except one family granted permission for site 
access. That family provided a certain amount of information 
about their wells, but would not allow the sites to be visited. 
Because this family owns a large portion of the land in the 
southern Hualapai Valley, the field investigator could not 
measure water depths or collect samples at many sites in that 
area. 

Maps used in the course of the field work were seven-and- 
one-half-minute topographic quadrangles published by the U.S. 
Geological Survey (USGS) during the period from 1959 to 1968. 
Some were revised in 1980 using recent aerial photographs. The 
only widely available maps that cover the northwestern portion 
of the study area are fifteen-minute topographic quadrangles 
published by the USGS in 1953, 1959 and 1960. Seven-and-one 
half-minute maps of this area are available as blueline 
reproductions from USGS headquarters. Certain roads and other 
cultural data depicted on the maps are located inaccurately. In 
these cases, the sketch maps on the BLM schedule forms should 
be referred to by future field investigators. 

A four-wheel-drive vehicle was used to conduct the field 
work. Only in a few cases was the four-wheel-drive function 


utilized, but the high clearance of the vehicle was needed to 
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reach several of the sites. 


Equipment 

Ground surface elevation was determined with an American 
Paulin System Terra Surveying Altimeter, Model T-5. The 
range of the instrument is from -600 feet to 10,000 feet, with 
gradations every five feet. Benchmarks located in the field 
were used to calibrate the altimeter at known elevations, and 
temperature corrections were applied to all readings. Large 
fluctuations in barometric pressure, caused by unstable weather 
conditions, interferred with the accuracy of the instrument on 
some days. Elevation data supplied by the USGS were used for 
sites visited on those days. The source of the elevation data 
used is shown on the well and spring schedule forms. 

At well sites where water samples could not be obtained by 
pumping, bailed Samples were taken using bottom-filling 
polyvinyl chloride cylindrical samplers, which have a slot-cut 
screen at the intake and a check valve. A one-sixteenth-inch 
diameter steel cable was used to lower and retrieve the 
Samplers. 

Water samples were collected and stored in 250 milliliter 
polyethylene bottles. Every ten days, samples were shipped for 
analysis to the USGS Water Resources Division Central 
Laboratory in Arvada, Colorado. 

Where flow meters were absent, well and spring discharge 
rates were measured volumetrically. That is, the time taken to 
fill a container of known volume was measured. 

Depths to water were measured with an Actat Corporation 
Olympic Well Probe, Model 1000. This battery operated device 
measures differences in electrical resistance to detect the 
water level, and it uses the standard needle-type indicator. 
The range of the instrument is from zero to 1000 feet, with 
gradations every five feet. 


Acidity/alkalinity of water samples was measured with a 
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Barnant Corporation Digital pH Meter, Model #501-3134. The 
range of the instrument is from zero to 14 with gradations each 
0.01 Unit. Jt Pies portable and Ubattery powered. Before each 
reading, the instrument was calibrated using standard solutions 
of pH four, seven and ten, supplied by the USGS Water Resources 
Division. Excellent agreement was achieved between 
field-determined pH values and those measured by the testing 
laboratory. 

Specific conductivity of the water samples was measured 
with a battery powered Hach Chemical Company Portable 
Conductivity Meter, Model 16300. The meter functions over the 
ranges of zero to two, zero to 20, zero to 200, zero to 2000, 
and zero roo ee. 000 micromhos per centimeter (em). The 
gradations are from 0.01 micromhos/cm for the zero to two 
range, to 100 micromhos/cm for the zero to 20,000 range. Most 
conductivity values measured in the field agreed very well with 
those reported by the testing laboratory. 

Some of the determinations made in the laboratory require 
filtered water samples. This type of sample was prepared by 
using a 250 milliliter capacity Millipore Corporaton steri fil 
47 millimeter (mm) Aseptic Filtering System, Catalog Number 
XX11 047 00, in conjunction with a four-inch stroke, stainless 
steel Manual Vacuum/Pressure Pump, Catalog Number XX62 000 35. 
White, ungridded filters, 47mm in diameter with pores 0.45 
microns in size, were used in the filtering system. Samples 
prepared with this system contain dissolved solids only, 


without any suspended material. 
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Chapter III 


PHYSTOGRAPHY AND SURPACE DRAINAGE 


This chapter begins with a discussion of the valleys and 
bounding mountain ranges in the study area and the surface 
drainage patterns. Also included in the chapter are brief 
descriptions of the climate, streamflow and infiltration, and 
settlement and water use. Geographic features discussed in this 


chapter are shown on Figure 1. 


0 ANGE 

Detrital Valley is bounded on the west by the Black 
Mountains, on the east by the White Hills and Cerbat Mountains, 
and on the south by a low topographic rise (elevation nearly 
3500 feet) which forms the drainage divide between Detrital and 
Sacramento Valleys. Surface drainage in Detrital Valley flows 
from the mountains toward the valley center and then north, via 
Detrital Wash, to the Colorado River at Lake Mead. The valley 
floor slopes northward from nearly 3,500 feet at the southern 
drainage divide to less than 1,600 feet in northern Detrital 
Wash. Mountain peaks to the east and west range from 5,000 to 
7,000 feet in elevation. 

Sacramento Valley is bounded on the west by the Black 
Mountains, on the east by the Cerbat Mountains and: Hualapai 
Mountains, and on the north by the drainage divide with 
Detrital Valley. Drainage in Sacramento Valley flows from the 
mountains toward Sacramento Wash in the valley center, then 
south, and finally west, eventually draining into the Colorado 
River. 

In contrast to Detrital and Sacramento Valleys, Hualapai 
Valley is a basin of closed surface drainage. The valley 
extends from the Cerbat Mountains and White Hills on the west 


to Grand Wash Cliffs on the east, and from the Hualapai and 
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Peacock Mountains on the south to a low topographic divide 
(elevaton 2864 feet) about five miles north of Red Lake. 
Another low topographic divide (elevation approximately 3900 
feet) occurs at the southeast end of Hualapai Valley near the 
town of Hackberry, between the Peacock Mountains and the 
Cottonwood Mountains. Although groundwater exits the basin at 
these two topographic divides, surface water drains into the 
basin from all sides. The Red Lake playa marks the lowest point 
of surface drainage in Hualapai Valley. 

There are three main dry washes in Hualapai Valley. 
Truxton Wash, the principal stream in Hualapai Valley, enters 
the project area at the head of Truxton Canyon. Hackberry Wash, 
which begins near the low topographic divide southeast of 
Hackberry, drains northward to meet Truxton Wash at the mouth 
of the Truxton Canyon. From this junction, Truxton Wash slopes 
gently northward to Red Lake. It is fed by intermittent streams 
draining from the mountains to the south, east and west. 
Hualapai Wash is divided into northward and southward flowing 
portions by the low topographic rise which defines the northern 
end of Hualapai Valley. The smaller, southern portion of 
Hualapai Wash slopes from the drainage divide southward to Red 
Lake. The main and northern portion of Hualapai Wash drains 
northward from the divide into the Gold Basin and eventually to 
Lake Mead. 

The floor of Hualapai Valley slopes northward from about 
4,000 feet at the southern end to 2,750 feet at Red Lake. 
Mountain peaks to the east and west range from 6,000 to 7,000 
feet in elevation, and in the Hualapai Mountains to the south, 


elevations exceed 8,000 feet. 


CLIMATE 


The climate in the study area is typically semi-arid; 
precipitation and humidity are low, and summer temperatures and 


evaporation rates are high. In general, the annual precip- 
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itation increases with altitude. Average annual precipitation 
ranges from six or eight inches at Red lake and in the northern 
Detrital Valley, to twelve inches or more in the mountains. 
Most of the precipitation occurs in the typical summer storm 
pattern, which involves warm, moist air flowing in from the 
Gulf of Mexico or the Gulf of California. The upward movement 
of this air over the hot deserts and mountain barriers produces 
high-intensity summer’ thunderstorms. A secondary peak in 
precipitation, which occurs during the winter months, is 
associated with long-duration storms moving inland from the 
Pacific Ocean. Normal winter temperatures are in the fifties 
and sixties (degrees Fahrenheit) in the afternoons and near 
freezing at night. Summer temperatures are usually in the upper 
nineties in the afternoons. Estimated average annual pan 
evaporation at Red Lake is 130 to 135 inches. The estimated 
average annual lake evaporation at Red Lake is 80 inches. 
Sources for the climatological data discussed above include 
Gillespie and Bentley (1971), Sellers and Hill (1974), and 
Arizona State University (1975). 


STREAMFLOW AND INFILTRATION 

Gillespie and Bentley (1971, p- 7-9, 17-18, 22) discuss 
stream flow and infiltration in Hualapai and Sacramento 
Valleys. Because of the proximity of and similarities between 
Detrital, Hualapai and Sacramento Valleys, we assume that the 
discussion of streamflow and infiltration below, taken from 
Gillespie and Bentley, applies to all three valleys. 

Essentialy all of the streams in the study area are 
ephemeral. Substantial stream flow in the mountains occurs in 
direct response to the long-duration winter storms and the 
high-intensity summer thunderstorms. However, the surface flow 
rarely reaches the central parts of the valleys because most of 
it is lost to infiltration and evapotranspiration. Most of the 


infiltration takes place in the coarse alluvium on the upper 
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and middle portions of the alluvial fans, which slope from the 
base of the mountains to the valley floors. Some of the 
infiltrated runoff eventually recharges the phreatic zone of 
groundwater. Surface runoff is more likely to reach the valley 
centers when associated with longer duration storms. Most of 
the rare runoff that reaches Red Lake is lost to evaporation 
because the relatively impermeable playa deposits do not allow 


Significant infiitration. 


SETTLEMENT AND WATER USE 

The only major community in the study area is Kingman, 
which lies in the low saddle between the Cerbat and the 
Hualapai Mountains. Smaller towns in the study area include 
Dolan Springs in Detrital Valley, Chloride in Sacramento 
Valley, Hackberry in southeastern Hualapai Valley, and Valle 
Vista in south-central Hualapai Valley. Groundwater is the main 
source of water in the study area, and the largest volumes of 
groundwater consumption are concentrated near these five 
communities. The two greatest water requirements are for 
municipal water supplies at Kingman, Dolan Springs, Chloride 
and Valle Vista and for irrigation near Kingman, Hackberry and 
Valle Vista. Additional groundwater pumpage for domestic use, 
stockwatering and small industry is scattered throughout the 


study area. 
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Chapter IV 


GEOLOGY 


This chapter contains a general discussion of the geologic 
structure and stratigraphy in the study area. These aspects of 
the geology are critical to understanding the groundwater 
system, because they relate directly to the distribution, 
volume and flow rates of groundwater. The chapter begins with a 
description of the overall structural setting of the study area 
and a brief description of the Basin and Range disturbance, 
which was the geologic event responsible for the predominant 
structural features. Next, more detailed structure and 
stratigraphy in the mountain ranges and in the basins are 
discussed. The Detrital Valley and Red Lake salt bodies, which 
occur in the Detrital and Hualapai basins, respectively, are 
covered in a separate section of the chapter. The significance 
of the salt bodies is discussed at the beginning of that same 
section. Finally, the characteristics, distribution and 
water-bearing properties of each of the stratigraphic units in 
the study area are described in the last section of the 
chapter. Plates 1 and 2, the geologic map and the schematic 
geologic cross-section, depict the various geologic units and 


structures described in this chapter. 


Throughout the discussion below, special attention has 
been paid to two critical issues. The first issue is the age of 
Basin and Range faulting relative to the age of the volcanic 
and alluvial basin fill. Our interpretation of this age 
relationship, based on compilation of data in the literature 
(Pierce, 1976 and 1981; Gillespie and Bentley, 1971), is sun- 
marized graphically in Figure 2. Figure 2 shows the Cenozoic 
geologic time scale, as well as time intervals associated with 


Cenozoic geologic events and stratigraphic units pertinent to 
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the study area. In summary, Basin and Range faulting continued 
throughout the period during which the basins in the study area 
were mostly filled. This age relationship is significant 
because it indicates that faults are likely to cut the basin 
fill deposits. Faults through alluvium may create barriers to 
groundwater flow. These barriers may be the result of either 
impermeable clay gouge filtping the fault zone, or the 
juxtaposition of impermeable clay beds against permeable sand 
and gravel beds caused by displacement along the fault. Faults 
through volcanic rock could either create fracture conduits for 
groundwater flow or, if the faults are filled with impermeable 
material, they could create barriers to groundwater, which 
flows through porous tuff beds or unrelated fracture zones. 

The second issue of special interest involves the total 
thickness of the basin fill. Because groundwater in the study 
area occurs mainly in the intermontane basins, the thickness of 
the basin fill relates directly to the total volume of 
groundwater in storage and the transmissivity of the aquifer. 
Estimates of basin fill thickness are discussed in the basins 


section of this chapter. 


RA ETTI 

Represented within the study area are two structural 
provinces--the Basin and Range province, and the Colorado 
Plateau province--as described by Fenneman (1931) and Eardley 
(1962). Grand Wash Fault, which underlies the eastern side of 
Hualapai Valley and is one of the major faults in northwestern 
Arizona, forms the boundary between the two provinces. The 
Basin and Range lies to the west and the Colorado Plateau lies 
to the east. The Colorado Plateau is characterized by high, 
dissected plateaus underlain by flat-lying or gently dipping 
Paleozoic and Mesozoic sedimentary rocks, which are broken into 
large blocks by faults. The Basin and Range province is 


characterized by tilted fault-block mountain ranges separated 
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by sediment-filled basins. The mountain ranges and basins 
typically strike north-south, and the dominant style of 
faulting is normal. 

The characteristic structure of the Basin and Range 
province was developed during the Basin and Range disturbance, 
which began approximately 30 million years ago and continued to 
fairly recent times (Hayes, 1969, p. 50). Four major processes 
associated with the disturbance define the structure and 
stratigraphy found in the region today. Those processes consist 
of uplift of mountain ranges by block faulting, volcanic 
activity, filling of basins with volcanic flows and sediments 
eroded from the mountains, and evaporite deposition during 
periods when the intermontane basins were closed off from 
drainage to the sea. With regard to geologic processes during 
the Basin and Range disturbance, Morrison (in Hayes, 1969, 
p. 43) states the following: 

"During middle and late Cenozoic time orogeny in the 

Basin and Range province created down-faulted basins and 

up-faulted mountain ranges. The faulting took place 

intermittently from early middle through late Cenozoic 
time, but was most active between 30 million and 6 million 
years ago. Terrestrial sediments, commonly several 
thousands of feet thick, were laid down in the 
intermontane basins. An episode of intense volcanism 30 
million to 20 million years ago produced widespread 
dacitic, andesitic, and rhyolitic flows and tuffs, 
commonly several thousand feet thick, that now cap many of 
the mountan ranges in the Basin and Range provice. Another 
episode of intermittent volcanism, when mainly basalt and 
andesite were erupted, took place during the late Cenozoic 
at centers both in the Basin and Range province and in the 

Colorado Plateau province. 

"The faulting and volcanism repeatedly disrupted 


drainage patterns in the Basin and Range province and 
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caused many of the intermontane basins to be closed off 


from drainage to the sea." 


Hayes (1969, p. 50) states that most of the range-front faults 
developed during the Basin and Range disturbance have since 
been buried in alluvial debris derived from the ranges. 

More recent work has further refined the time period of 
most active Basin and Range faulting. Eberly and Stanley (1978) 
and Scarborough and Pierce (1978) indicate that Basin and Range 
faulting occurred subsequent to 13 million years ago, during 


late Miocene time. 


A E STUDY EA 

Within the study area, the Black, Cerbat, Hualapai and 
Peacock Mountains are all tilted fault blocks characteristic of 
the Basin and Range province. North-striking normal faults 
apparently flank the western sides of the ranges, with 
downthrown sides to the west (Gillespie and Bentley, 1971, 
De) 7-9; Arizona, Bureau of Mines, 1962). The faults are 
concealed by thick alluvium and are therefore difficult to 
locate precisely. The mountains consist of Precambrian igneous 
and metamorphic rocks overlain unconformably by Cretaceous to 
Tertiary older volcanic rocks and middle to late Tertiary 
younger volcanic rocks (Gillespie and Bentley, 1971). We infer 
that the younger volcanic rocks probably correlate with both of 
the volcanic episodes described by Morrison above. Remnants of 
the pre-basin volcanic strata (older volcanics and some younger 
volcanics) dip as much as 20 degrees east in both the Cerbat 
and Black Mountains, suggesting eastward tilting of each of 
these fault blocks (Pierce, 1976, Daaseo: Gillespie and 
Beant Ley),) 97154 Dee9)-. 

In contrast to the other mountain ranges in the study 
area, the Grand Wash Cliffs form the western edge of the 


Colorado Plateau provice. Grand Wash Fault, the subsurface 
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counterpart of Grand Wash Cliffs, is a normal fault with the 
downthrown side to the west. Pierce (1976, p. 328) believes 
that the maximum differential vertical displacement along this 
fault in the vicinity of the Hualapai basin is approximately 
16,000 feet. He further concludes that most of the differential 
movement occurred between 13 and 10 million years ago and that 
the fault movement is a manifestation of the Basin and Range 
disturbance (Pierce, 1976, p- 332-333; Pierce, 1981, p. 3). 
According to Gillespie and Bentley (1971, p. 9), about 1,000 
feet of displacement has occurred along the fault since the 
emplacement of the younger volcanic rocks (middle to late 
Tertiary) in the Grand Wash Cliffs and Peacock Mountains. 

The Grand Wash Cliffs consist of Precambrian igneous and 
metamorphic rocks capped by Paleozoic sedimentary rocks 
(Cambrian and Devonian) that dip gently east. The younger 
volcanic rocks (middle to late Tertiary) found elsewhere in the 


study area also outcrop along the cliffs: 


BASINS IN THE STUDY AREA 

The Hualapai, Detrital and northern Sacramento Valleys are 
the surface expressions of the basins formed between the Black 
Mountain, Cerbat Mountain and Grand Wash Caiiits tirved fault 
blocks. As the fault blocks lifted and rotated, the basins 
filled with younger volcanic flows associated with the Basin 
and Range disturbance, clastic sediments eroding off the 
mountains, and, during periods of internal drainage, evaporite 
deposits. Two of the major bedded salt deposits in Arizona 
underlie the northern Detrital Valley and the central Hualapai 
Valley. The latter is known as the Red Lake salt deposit. 
Estimates for total thickness of the basin fill are still 
speculative. Gillespie and Bentley (1971, p- 6) report that 
basin fill in the Hualapai and Sacramento basins is greater 
than 4,000 feet thick. More recent geophysical data indicate 
that fill beneath Hualapai Valley extends to a depth of more 
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than 10,000 feet (Pierce, 1976, p. 330; Pierce, 1981, p. 3; Van 
der Harst, 1982). Data regarding basin fill thickness beneath 
Detrital Valley are sparse. In the northern Detrital Valley, 
the combined alluvium and bedded salt deposits are at least 
1,000 feet thick (Pierce, 1981, p. 3; Hayes and Lukes, 1974, 
p.- 34-35). 

Gillespie and Bentley (1971) have divided the alluvial 
deposits within the basin into older, intermediate, and younger 
alluvium. The older alluvium is late Tertiary in age. It 
includes the bedded salt deposits, and is underlain by and 
interbedded with the younger’ volcanics (middle to late 
Tertiary). The intermediate alluvium is late Tertiary and 
Quaternary. The younger alluvium is Quaternary, and it can be 
further differentiated into piedmont deposits (Pleistocene to 
Holocene), stream deposits (Holocene), and playa deposits 
(Holocene). 

Through his work on Basin and Range evaporite deposits, 
including the Detrital Valley and Red Lake salt deposits, 
Pierce (1976; 1981) has helped to refine the age brackets of 
the Detrital and Hualapai basin fill. Pierce correlates the 
salt deposits in both basins with the late Tertiary Muddy Creek 
Formation of the larger Lake Mead region. Furthermore, in 1976 
he concluded that the Red Lake (Hualapai) basin was formed, by 
differential movement between the Cerbat and Grand Wash Cliffs 
fault blocks, and largely filled between pore and 410 ~miliior 
years ago, during late Miocene time. In 1981, Pierce refined 
this time bracket to between 13 and 10 million years ago, based 
on new evidence that the Basin and Range disturbance took place 
subsequent to 13 million years ago (Stanley and Eberly, 1978; 
Scarborough and Pierce, 1978). We point out that the older 
alluvium of Gillespie and Bentley, a major portion of which is 
the Red Lake salt deposit, represents 95 per cent or more of 
the total thickness of basin fill in the Hualapai basin. 


Therefore, as Pierce concludes that the Red Lake basin was 
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formed and "largely filled" between 13 and 10 million years 
ago, we infer that his time bracket pertains to the age of the 
older alluvium. Furthermore, because of the Similarities 
between and proximity of the Detrital, Sacramento and Hualapai 
basins, we infer that the age of basin fill in the former two 
basins probably correlates with that defined by Pierce for the 


Hualapai basin. 


RED LAKE AND DETRITAL VALLEY SALT BODIES 


The hydrogeologic significance of salt bodies within the 
alluvial groundwater basins is three-fold. First, because salt 
is relatively impermeable, a large salt body in a groundwater 
basin will probably impede groundwater flow substantially. 
Second, the presence of large volumes of salt beneath the water 
table is likely to have a deleterious effect on groundwater 
quality. Third, the salt bodies are of interest because they 
are potential targets for exploitation. The U.S. Bureau of Land 
Management has studied the feasibility of mining salt from the 
Detrital Valley salt body (U.S. Dept. of the Interior, Bureau 
of Land Management, 1974). Southwest Gas Company is planning to 
construct a natural gas storage facility in the Red Lake salt 
body (Pierce, 1981b). The interest already expressed in 
developing these evaporite deposits has generated drill hole 
data, seismic data and pump test data, all of which have 
enhanced the data base pertinent to understanding the 
groundwater system. Furthermore, if either of these salt bodies 
are exploited in the future, the development would probably 
include industrial use of groundwater pumped from the alluvial 


basin. 


Red Lake Salt Body 
Three deep exploration holes just south of Red Lake 


provide the only direct data available on the Red Lake salt 
deposit. Two of these holes (Kerr McGee R.L. 1 or (26-16) 
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30ddd; and Kerr McGee R.L. 2 or (26-16) 28ddc) were drilled by 
Kerr McGee in 1958. The third and deepest hole (El Paso R.L.1 
or (26-16) 22cc) was drilled by El Paso Natural Gas Company in 
1970. Well logs for these holes have been published by the 
Arizona Bureau of Mines (1975). These well logs indicate that 
at least 1,500 to 1,800 feet of other sedimentary materials 
overlie the evaporite deposits. This overlying material is 
dominated by thick clay beds, which increase in thickness to 
the east. Permeable beds of sand and gravel, 20 to 60 feet 
thick, are interbedded with the clay. The deepest of the three 
holes was approximately 6,000 feet deep and it failed to 
encounter the base of the evaporites. Thus, the Red Lake salt 
body is known to be at least 4,000 feet thick. The salt body 
apparently consists mostly of thick halite, although gypsum and 
anhydrite were also encountered at the top of the evaporite 
sequence. 

The gross dimensions of the Red Lake salt body have 
been inferred from geophysical studies by the U.S. Geological 
Survey and El Paso Natural Gas Company CRandolpogetOth).. rhe 
salt body may be on the order of twelve miles long parallel to 
the length of Hualapai Valley, five miles wide and two miles 
thick. Consistent with this data, Pierce (1981) estimates that 
the salt body could be as thick as 10,000 feet. 

On the basis of seismic surveys by CER Corporation, Van 
der Harst (1982) indicates that the Red Lake salt is a large 
wedge-shaped body that abuts against Grand Wash Fault and 
extends westward to a fault on the east side of the Cerbat 
Mountains. The salt thickness increases from zero feet on the 
west to 9,000 feet on the east, with the thickest portion near 
Grand Wash Fault. 

Another significant feature inferred from the geophysical 
studies discussed above is that of a buried bedrock shelf at 
the northern end of the Red Lake basin (Pierce, 1976; 1981). 
This bedrock shelf apparently closed off the drainage basin, 
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creating the conditions necessary for evaporite deposition. Red 
Lake Playa is a contemporary surface feature which indicates 
the continued existence of internal drainage in the Hualapai 
basin. Today's surface drainage divide north of Red Lake 


probably corresponds with the buried bedrock shelf. 


Detrital Valley Salt Body 

The Detrital Valley salt body extends over several square 
miles in townships 29 and 30 north, range 21 west. Information 
about the deposit is based on data from a dozen or more 
exploration holes. Well logs for these holes are filed with the 
Arizona Bureau of Geology and Mineral Technology. 

Pierce (1981) summarizes present information about the 
Detrital Valley salt as follows. The salt body occurs from 300 
to 800 feet beneath the surface and obtains a maximum thickness 
of 715 feet. The elevations of tops of the evaporites are 
similar to those in the Red Lake salt body. The elevations also 
correspond to outcrop elevations of gypsum belonging to the 
Muddy Creek Formation which are found on the south side of Lake 
Mead. Thus, Pierce concludes that both the Detrital Valley and 
Red Lake salt bodies belong to the Muddy Creek Formation. 


STRATIGRAPHIC UNI D E ATER- R TI 

The following discussion of stratigraphic units and their 
water-bearing properties is based primarily upon the work by 
Gillespie and Bentley (1971). In summary, the older alluvium 
which underlies the valleys is the main aquifer in the study 
area. It both stores and yields the most water. Secondarily, 
the younger volcanics are the most important aquifer in the 
mountain areas. The unit yields moderate amounts of water to 
wells near Kingman. However, because the groundwater in these 
volcanic rocks occurs mostly in fractures, the groundwater 


storage is limited. 
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Igneous and Metamorphic Rocks 

Igneous and metamorphic rocks, mostly Precambrian in age, 
constitute the oldest unit in the study area. The unit outcrops 
extensively in all of the mountain ranges. It forms’ the 
basement complex, and is generally the lowermost barrier to 
groundwater movement. The unit comprises Precambrian granite, 
gneiss and schist. Also included are small granitic intrusives 
of late Cretaceous to early Tertiary age, which are associated 
with copper-bearing rocks that have been mined near Chloride. 
The rocks generally do not yield water except along fractures 
and weathered zones. Wells tapping weathered zones up to 100 
feet thick produce low yields, generally one to five gallons 
per minute, and up to as much as 30 gallons per minute. Many 


small springs also issue from these rocks. 


Paleozoic R 

Paleozoic sedimentary rocks cap the Grand Wash Cliffs. The 
rocks consist of Devonian limestone underlain by the Cambrian 
Tonto Group. The latter includes in descending order the Mauv 
Limestone, Bright Angel Shale, and Tapeats Sandstone. These 
rocks do not yield significant amounts of water to wells within 
the study area. However, because the strata dip eastward, water 
infiltrating these beds moves down dip and emerges as springs 
in canyons on the Colorado Plateau (Twenter, 1972, p. 27-28). 
Huntoon (1977) describes the target aquifers in these 


sedimentary rocks on the Colorado Plateau. 


Older Volcanic Rocks 

The older volcanic rocks consist of andesite and latite 
flows and tuff beds, and include some interbedded detrital 
deposits. The unit includes the Cretaceous (7?) Gold Road Latite 
of Wilson (1962, p. 53-54) in the Black Mountains and White 
Hills. The older volcanics form the main mass of the Black 


Mountains, outcrop extensively in the White Hills, and occur as 
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isolated exposures in the Cerbat Mountains. The unit is several 
hundred feet thick in the Black Mountains. Gillespie and 
Bentley date this unit as Cretaceous(?) to Tertiary. These 
rocks do transmit some water through fractured zones and tuff 
beds, but they do not yield significant volumes of water to 


wells. 


Younger Volcanic Rocks 

The younger volcanic rocks consist of middle to late 
Tertiary basalt flows, basaltic andesite flows and. tousgt #eiand 
rhyolite tuff and ignimbrite. These rocks underlie and are 
interbedded with the older alluvium. The main exposures are in 
the Kingman area, Black Mountains and White Hills. Additional 
small isolated exposures occur in all of the mountains in the 
study area, except for the Hualapai Mountains. 

The younger volcanic rocks yield moderate amounts of water 
to wells near Kingman, where the total unit thickness is 
estimated to be approximately 1,400 to 1,800 feet. The water 
occurs in fractures and in interbedded agglomerate and gravel 
of the older alluvium. Two large fault zones’ providing 
continuous passages for the storage and movement of water in 
the Kingman area are discussed by Gillespie and Bentley (p. 
11-12). They also discuss two distinct groundwater reservoirs, 
divided where these fault zones become barriers to, rather than 
conduits for, groundwater movement. Only the upper 230 feet of 
younger volcanics at Kingman have been penetrated by wells. 
Large yields could probably be obtained from wells drilled 
deeper into these rocks. However, because of the limited 
storage associated with groundwater in fractured rock, long 
term pumping in these potentially high-producing wells would 
probably drain the aquifer. 

A sequence of younger volcanic rocks approximately 570 
feet thick outcrops in the Grand Wash Cliffs. However, the 


volcanics here lie above the water table, and therefore do not 
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contain water. 

On the eastern side of the southern Black Mountains where 
they border the Sacramento Valley, many springs issue from the 
base of eastward-dipping tuff beds. These tuff beds also yield 


small amounts of water to a few wells in the area. 


Older Alluvium 

The late Tertiary older alluvium is the lowermost 
sedimentary unit beneath the valleys, and it is exposed in 
isolated outcrops near the mountains, especially in the White 
Hills. The unit consists of moderately consolidated fragments 
of granite, schist, gneiss and volcanic, rocks ain asisilty, clay 
or sandy matrix. Poorly consolidated tuff and agglomerate beds 
associated with the younger volcanics are interbedded with the 
alluvium. Also included in the unit are the thick evaporite 
deposits, which underlie the central Hualapai and northern 
Detrital Valleys, and which Pierce (1976; 1981) correlates with 
the late Tertiary Muddy Creek Formation. 

The grain size in the alluvium decreases from pebble and 
boulder size near the mountains to coarse sand and interbedded 
clay and silt in the valleys. The unit occurs as ancient 
dissected alluvial fans and valley-fill deposits of fluvial and 
lacustrine origin. Where the older alluvium is exposed, it 
stands in vertical cliffs 10 to 50 feet high; the rocks show 
some vertical fractures and normal faulting with displacements 
of less than one foot, and the strata dip as much as 10, 5%.00na os 
degrees. 

The older alluvium is the principal aquifer in the 
valleys. The unit has low to moderate permeabilities and it 


yields moderate to large amounts of water to wells. 


Int Wate esl} : 
The intermediate alluvium is late Tertiary and Pleistocene 


in age. It occurs as an extensive near-surface deposit 200 to 
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300 feet thick beneath the valley floors, and it is exposed in 
isolated outcrops near the mountains. The unit consists of 
weakly to moderately consolidated fragments of granite, schist, 
gneiss and volcanic rocks. As with the older alluvium, the 
intermediate alluvium occurs as dissected alluvial fans and 
valley-fill deposits with grain size decreasing with distance 
from the mountains. Grain sizes for the latter unit range from 
pebble and boulder size near the mountains to fine gravel, sand 
and silt in the middle of the valleys. 

The intermediate alluvium has low to high permeabilities, 
but is generally dry because it lies above the water table. 
Nevertheless, near the mountains where the unit overlies 
shallow bedrock, the alluvium is saturated and will yield 
moderate amounts of water, 10 to 50 gallons per minute, to 


wells. 


Younger Alluvium 

The younger alluvium is Quaternary in age, and it has been 
divided into piedmont deposits, playa deposits and stream 
deposits. The unit is generally above the water table, and 
therefore dry, except in some mountain canyons where stream 
deposits yield small amounts of water to wells. 

The piedmont deposits are Pleistocene and Holocene in age. 
They consist of poorly consolidated silt, sand, gravel and 
boulders derived from granite, schist, gneiss and volcanic 
rocks. The deposits, which are up to 50 feet thick, (overz.«© 
terraces, alluvial fans, piedmont slopes and valley floors. 
Although these sediments are highly permeable, they are 
generally drained of water. 

The playa deposits are Holocene in age and they are 
exposed at Red Lake only. The deposits consist of 
unconsolidated silt and clay, which are relatively impermeable. 
The deposits do not yield water to wells. 


The stream deposits are Holocene in age, and they consist 
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of unconsolidated sand and gravel derived from granite, schist, 
gneiss and volcanic rocks. The unit occurs in streambeds, where 
it is generally no more than a few feet thick. These sediments 
are highly permeable, but generally drained one water. 
However, in mountain canyons where the unit is underlain by 
shallow bedrock, the stream sediments yield small amounts of 


water to wells. 
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Chapter V 


A CC C MOVEMENT 


This chapter begins with an introductory section that 
includes three topics. The first is a description OL PE LAaLG e434 
the hydrogeologic map, including the data incorporated into the 
map and the nature of interpretations made from those data. 
Next, two general assumptions we made regarding groundwater 
flow in the alluvial valleys are discussed. These assumptions 
were necessary because of the sparsity of certain types of 
data and the regional scale of the study area. The third 
introductory topic involves the source and nature of recharge 
to groundwater in the study area. The following sections of 
this chapter contain detailed discussions of the occurrence and 
movement of groundwater in the various alluvial valleys and 
bedrock mountain areas. The chapter closes with our 
interpretation of why several recently-drilled BLM wells were 


ary. 


GENERAL REMARKS 
Plate 3, the hydrogeologic map, incorporates all of the 


hydrogeologic data collected and compiled by GRC, and it 
depicts our interpretation of the groundwater flow system based 
on these data. In order to emphasize the overall geologic 
framework, the geology shown on Plate 3 is simplified from that 
on Plate 1, the geologic map; the various types of alluvium 
have not been differentiated, and small outcrops of erystalline 
rock have been omitted. Furthermore, whereas the geologic map 
has all of the wells and springs listed in our well and spring 
data tables (Appendix A), the hydrogeologic map comprises only 
selected well and spring data points. Well data points on the 
latter map consist of all sites field-checked by GRC, plus the 


following. For the Detrital and Sacramento basins, all sites 
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with any reported water level measurements (generally 
post-1965) are included. For the Hualapai basin, the well data 
points include all of the sites on the 1980 Hualapai basin 
groundwater map by Remick (1981), and any additional sites with 
post-1975 reported water level measurements. Many of the sites 
on Remick's map have also been field-checked by GRC in 1982, or 
they have a more recent (1981 or 1982) water-level measurement 
reported by the U.S. Geological Survey (USGS). In either of 
these cases, both Remick's measurement and the more recent 
measurement are included on the hydrogeologic map. Spring data 
points on the hydrogeologic map CONS2 60.) Olea... springs 
field-checked by GRC, all springs on Remick's map, and all 
additional springs with a post-1975 altitude measurement 
reported by the USGS. 

Data point symbols in the hydrogeologic map differentiate 
between wells and springs, sites field-checked by GRC and sites 
not field checked by GRC, and wells with alluvium versus those 
with erystalline or sedimentary rock as the producing 
formation. Information printed at each data point includes site 
number, water elevation, depth to water, date of measurement 
and site status. Equipotential contour lines, groundwater flow 
lines, and groundwater drainage divides are based on our 
interpretation of the hydrogeologic data. Surface drainage 
divides are based on the topography. A possible boundary 
between two discontinuous flow systems near Kingman and zones 
of possible bedrock faulting in the northern Sacramento Valley 


are also based upon our interpretation of the data. 


Two general assumptions regarding groundwater flow in the 
alluvial valleys were made in accordance with the amount of 
available data and the regional scale at which this study has 
been done. The first assumption is that the change in 
groundwater levels with time is relatively SuHall-. 20ac te. 


water level measurements from the 1960's to the 1980's are 
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consistent enough to justify drawing water level contour lines 
at 100 foot intervals based on the multi-year data. This 
assumption was necessary particularly for Detrital and 
Sacramento Valleys, where the spatial distribution of water 
level data for the 1980's is extremely sparse. The two areas 
where this assumption does not apply are the Hackberry Wash and 
Truxton Wash areas of Hualapai Valley. 

The second assumption is that the alluvial aquifer in each 
of the valleys can be treated as a single, unconfined, 
permeable unit. The corollary to this assumption is that all 
wells penetrating the alluvium show water levels that are 
compatible with a single water table surface. This assumption 
and its corollary are appropriate on the regional scale at 
which this study has been done. That is, the available water 
level data are compatible within the framework of the 100 foot 
contour interval used on the hydrogeologic map. Of course, ona 
smaller, more detailed scale, the alluvial aquifers are better 
characterized as multi-layered systems, which include clay 
lenses and possibly extensive clay layers that act as leaky 
confining beds. Thus, locally one may find water level 
variations of a few tens of feet in wells perforated at 
different depths, probably because of leaky confining beds 
present in the alluvium. Nevertheless, on a regional scale, 
well log data are too sparse to accurately map the individual 
confining layers, and water-level data are too sparse to map 
out more than one potentiometric surface. Thus, because of the 
regional scale inherent to this study, 2 4 seems most 
appropriate to generally treat the alluvial aquifers as 


homogeneous units. 


The source of recharge to the groundwater is ultimately 
precipitation. Storm runoff collects in stream channels, which 
drain from the mountains toward the valley centers. In the 


mountains where bedrock is close to the surface, groundwater is 
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recharged by surface water infiltrating beneath the alluvial 
stream beds, and then entering fractured, weathered or porous 
zones in the bedrock. Recharge to groundwater in the valley 
alluvium occurs mostly by surface water infiltration in the 
coarse alluvium beneath stream beds on the upper portions of 
the alluvial fans. Large volumes of this infiltrated water 
never reach the phreatic (saturated) zone of groundwater 
because they are lost to evapotranspiration. Nevertheless, a 
significant volume of water does pass beneath the root zone, 
from which evapotranspiration occurs, to recharge the extensive 
alluvial aquifers. Estimates of the annual volume of recharge 
to groundwater in Detrital and Hualapai Valleys are discussed 
in the appropriate sections of this chapter. 

Recharge from precipitation that falls directly on the 
valley floors is negligible because of the high evapotran- 
spiration rate and, according to Gillespie and Bentley (1971, 
p.- 22), because relatively impermeable layers of clay and 


caliche near the land surface impede infiltration. 


DETRITAL VALLEY 

There are three parameters which are central to 
understanding a groundwater flow sytem, but for which data in 
Detrital Valley are almost entirely absent. These parameters 
are total thickness of the alluvium or basin-fill, the 
hydraulic properties of transmissivity and storativity for the 
aquifer, and multiple-year water level measurements. Because of 
these deficiencies in available data, it is very difficult to 
estimate useful parameters such as the _ total volume of 
groundwater in storage, the average annual volume of flow 
through the system, the safe yield of the aquifer (that is, the 
rate of groundwater consumption the aquifer can sustain without 
mining the resource), and long-term trends of groundwater level 
change. Our analysis of groundwater in the Detrital Valley has 


been limited because of these data deficiencies. 
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Table 2 contains a summary of wells in the alluvium 
beneath Detrital Valley. All of the data in this table are 
condensed from data in the well data table (Appendix A). The 
only column in Table 2 for which entries differ from those in 
Appendix A is the column labeled "Producing Formation Confirmed 
by Drilier'sa Report.” In Table 2, the "Alluv" entry in this 
column appears only for those wells for which driller's reports 
are availalbe to confirm the material penetrated by the well. 
(In contrast, wells in Appendix A with entries in the 
"Producing Formation" column may or may not have driller's 
reports available. The meaning of entries in this column in 
Appendix A is discussed in the explanation at the beginning of 
the appendix). The wells in Table 2 are divided into four 
groups which represent clusters of wells as they occur on the 
hydrogeologic map. The well groups are numbered I through IV, 
progressing from north to south. 

Groundwater flow in the Detrital Valley generally 
parallels the surface flow, draining from the mountains toward 
the valley center, and then north toward the Colorado River at 
Lake Mead. A groundwater drainage divide roughly coincides with 
the surface drainage divide at the southern end of Detrital 
Valley. The hydraulic gradient is apparently steepest in the 
Dolan Springs area (well group IV; in T25N and T26N, R19W) 
where groundwater descends steeply out of a relatively narrow, 
yet moderately deep, alluvial channel between bedrock outcrops. 
The gradient here is .044 foot per foot. Following the drainage 
west and then north, the gradient flattens out to as little 
as .001 foot per foot north of the 2000 foot contour line, in 
the northern part of the valley. 

The data in Table 2 pertaining to alluvium thickness may 
be summarized as follows. Where a driller's report indicates 
that a well is drilled entirely within alluvium (as indicated 
by an "Alluv" entry in the last column of Table 2), one can 


infer that the total alluvium thickness is at least as great as 
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Table 2: SUMMARY OF WELLS IN DETRITAL VALLEY ALLUVIUM 
Well Water 
Depth Level Water Discharge Drawdown Producing Formation 
Site No. (feet) _Use* _ (gpm) (feet) Confirmed by Driller's Report 
ee Hl 29-21 35CCC 250 38 Ss 22 ae = 
os 28-21 3ABB 1300 a N 22 400 NOTE: Unreliable data source 
BG for this well 
Bg A 28-21 20AAC 385 303 S 100 ts Alluv 
< 28-21 26BBD 500 218 N 29 -- -- 
27-21 14CCD 262 Dry U = ar a 
Hod 27-21 24BBB 79 Dry U a mold = 
4d 27-21 24BDC 460 397 N 125 = Alluv 
5 ES 27-21 24CDD 464 423 H 33 0 Alluv 
BS 27-21 25BAA 470 440 H 19 0 = 
27-21 25DDC 400(?7) 435(?) Ss; 8 and 7 0 -- 
od 25-20 15AAA 1100 599 S — = Se 
Hy 25-20 15DAD 730 629 H ae = < 
HES 25-19 17CDD 840 770 H, = — Alluv 
a. 8 25-19 29DCB 436 Dry U _ =a : 
ogg 25-19 30BBA a 705 H =i — Alluv 
o 3 25-19 30BAD 825 >669 U = oe - 
a 25-19 30AAA 955 738 H 58.3 = Alluv 
25-19 31AAA 880 788 U an a Alluv 
24-19 8AAD 50 Dry U = —— os 
w” 
oy 
ogee 26-19 35DDA 480 330 P 100 0 -- 
ose 26-19 36CCB 500 348 P 83 0 Alluv 
ano 25-19 1BAB 600 410 P 53 142 Alluv 
a8” 25-19 1BDA 525 399 H 40-50(?) -- -- 
0 2 25-19 3CCC TAS 588 H 128 o= Alluv 
a 25-19 11CBD 700 615 H — at Alluv 


* Water use symbols are defined in the explanation in Appendix A. 


Geo/Resource Consultants 


Telia 
vu fA 


wd il n 
wulih 


fot is. 
i eee 


‘A 2 


Ze 


4 ‘02+ 


wy ' 





ew ac 


-. 


Rw me 


tneggt cl solvataiqué Gas oc beni tab ese elodaye sey iste * 





: 





‘ul 
~ 
* 


- 
ty v 
© 


6e} 
ere 
ot 


ore 


- i 


= 
ee 

nar Br-ts 

QE Bae 





ask 
sinage psi 


aiettticroy aaqwe : ' 


Page 45, 263-1H 


the depth of the well. Thus, the alluvium thickness is at least 
600 feet northeast of Dolan Springs (well group IV), 715 feet 
at Dolan Springs (well group IV), and 955 feet in the 
south-central Detrital basin (well group III). The alluvium 
thickness is at least 423 feet in the central portion of the 
basin (well group II) and 385 feet in the northern portion of 
the basin (well group I). (As discussed in the basins section 
of Chapter 4, the combined alluvium and bedded salt deposits in 
the far northern portion of Detrital Valley, near and just 
outside of the study area boundary, are at least 1,000 feet 
thick.) 

Information pertaining to depth to water, well yields and 
water use may also be summarized from data in Table 2. In 
general, the depth to water increases from the area northeast 
of Dolan Springs down gradient to the south-central Detrital 
basin. The depth to water ranges from 330 to 410 feet northeast 
of Dolan Springs, from 588 to 615 feet at Dolan Springs, and 
from 599 to 788 feet in the south-central basin. Proceeding 
downgradient from the south-central basin, the depth to water 
decreases. It ranges from 397 to 440 feet in the central basin, 
and from 218 and 303 feet in the northern basin to 38 feet at 
the data point farthest north. Well yields throughout Detrital 
Valley range from about ten to 130 gallons per minute. The 
greatest concentration of the higher producing wells occurs in 
the group IV, Dolan Springs area where the water is used for 
municipal and domestic supplies for the town of Dolan Springs. 
Water pumped in all the other areas of Detrital Valley is used 
either ror domestic supply, stockwatering, or temporary 
construction work on Highway 93. Although the data are 
insufficient for an accurate count of total average annual 
groundwater consumption in Detrital Valley, we estimate that 
the average total consumption is probably less than 300 gallons 
per minute, or 500 acre-feet per year (af/yr). 


The water level data are inadequate to draw any 
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conclusions about persistent trends of water level change in 
Detrital Valley. Only one well in the entire valley has water 
level measurements for more than one year. That well is 25-19 


30aaa, and the pertinent data are as follows: 


Groundwater Reporting 
sear Elevation Source 
1966 2235 USGS; apparently driller was 


original source 
1979 2261 Owner 


If the data are accurate, a 26 foot rise in 13 years is 
indicated. However, considering that there is only one data 
point with only two measurements, and that the reliability of 
reported measurments is variable, we do not draw any conclusion 
from this data. We assume, until additional data prove 
otherwise, that Detrital Valley groundwater levels are at 


approximately steady-state. 


In order to derive an estimate for the annual volume of 
groundwater outflow from Detrital Valley, computations based on 
Darcy's Law were made for two cross-sections through the 


valley. Darcy's Law states: 


Owe. K ob Let 
where: Q = groundwater flow rate in gallons per day 
= hydraulic conductivity in gallons per day per 
square foot 
= saturated thickness of the aquifer in feet 
= length of cross-section perpendicular to 
flow in feet 


I = hydraulic gradient (dimensionless). 
Gillespie and Bentley (1971, p.23-25) estimated hydraulic 


conductivity for the older alluvium in both Hualapai and 


Sacramento Valleys to range from 60 to 90 gallons per day per 
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square foot. In lieu of data specific to Detrital Valley, we 
assume that the hydraulic conductivity of the older alluvium in 
the Detrital basin iS approximately equal to that estimated by 
Gillespie and Bentley for the two adjacent basins. For the 
computations, we assume that the alluvium thickness beneath the 
valley is at least 1000 feet. The minimum saturated thickness 
of the aquifer at each cross-section is then computed by 
Subtracting the known depth to water in the area from 1000 
feet. 

One of the cross-sections used for our computations 
crosses the northern portion of Detrital Valley through well 
(29-21) 35ccc. For this section, the hydraulic gradient 
is .001 foot per foot, measured from the hydrogeologic map 
between the 2000 foot equipotential line and well 35ccc. The 
length of this cross-section (adjusted to represent the length 
of section for which the alluvium thickness is’ at least 1000 
feet) is 6 miles or 31,680 feet. The second cross-section 
passes through the middle of the valley at about the 2100 foot 
€quipotential line. For the latter section, the hydraulic 
gradient is 0042 foot per Foot, measured from the 
hydrogeologic map between the 2200 Pogtemeand “2000 foot 
equipotential lines. The length of this cross-section (adjusted 
as described above) is 2.5 miles or 13,200 feet. 

By applying Darcy's Law with the parameters discussed 
above, we estimate that the minimum rate of groundwater outflow 
Prom vetritas “Valley is on the ordérm@of 71.9 to 3.0 million 
gallons per day, or 2,100 to 3,400 af/yr. Because the total 
alluvium thickness could be much greater than the 1000 foot 
value we used above, we believe that the groundwater flow rates 
derived represent minimum likely rates. We emphasize that, 
because of the uncertainty of the data, these outflow values 
are order-of-magnitude estimates only. 

The water balance equation states that "Total Inflow + 


Decrease in Groundwater Storage = Total Outflow + Consumptive 
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Use." Because we assume that Detrital Valley water levels are 
at approximately steady-state, it follows that none of the 
total flow through the system is coming out of groundwater 
storage. We estimate above that average annual groundwater 
consumption in Detrital Valley is probably less than 500 af/yr. 
Thus, with decrease in groundwater storage effectively zero, 
the total groundwater inflow to Detrital Valley equals the 
total groundwater outflow plus about 500 af/yr (or less) of 
consumptive use. We have estimated the minimum total 
groundwater outflow from Detrital Valley to be on the order of 
2,400 to 3,400 af/yr.. As a result of our water balance, we 
estimate the minimum likely annual groundwater recharge to 


Detrital Valley to be approximately 2,600 to 3,900 af/yr. 


ORTHERN SACRAMENTO VALLEY 

In general, groundwater flow in the Sacramento Valley 
parallels the surface flow, draining from the mountains toward 
the valley center, then south, and finally west, toward the 
Colorado River. However, in the northern end of Sacramento 
Valley, the available well data indicate that the flow system 
is more complex than the simple, general pattern described 
above. Our analysis of these well data is illustrated on the 
hydrogeologic map and in three interpretive cross-sections 
traversing northern Sacramento Valley. The cross-sections 
appear in Figures 3, 5 and 6. The lines of section are shown on 
the hydrogeologic map. 

In section AA‘ (Figure 3) there are two hydrologic 
features of interest. The first feature is the discrepancy in 
water levels between wells (23-19) 12acd and (23-18) 6adb. Well 
6adb shows groundwater in alluvium at an elevation of 3580 
feet. In contrast, well i12acd, which lies approximately 7400 
feet to the southwest and which bottoms out at an elevation of 
2705 feet, is dry. (Although no well log for well 12acd is 


available, the well probably bottoms out in alluvium. We draw 
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SACRAMENTO VALLEY CROSS-SECTION AA'BASED ON WELL DATA 
WITH INTERPRETIVE ALLUVIUM-BEDROCK GEOMETRY 
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this tentative conclusion from the spatial relationship between 
this well and the three deepest wells in section CC", and the 
fact that driller's logs indicate that the three deepest wells 
do bottom out in alluvium.) Assuming that groundwater flow in 
the alluvium between these two points is continuous, and that 
the water table lies somewhere below the base of well i12acd, 
then the hydraulic gradient between the two well sites is at 
least .12 foot per foot (875/7400). This gradient is nearly 
three times as steep as the steepest gradient (.044 foot per 
foot) observed in the Detrital Valley, near Dolan Springs. This 
anomalously steep gradient suggests the presence of a major 
geologic discontinuity between the two well sites. Doha 
discontinuity may correspond with the Cerbat Mountain block 
range-front fault discussed in the mountain ranges section of 
Chapter 4. One possibility is that the steep gradient is 
associated with an abrupt increase in alluvial thickness across 
the bedrock fault plane. This is the scenario illustrated in 
Figure’) 35" although: | the vertical ‘exaggeration, distorts the 
picture. A schematic diagram of the hydraulics indicated by 
this hypothesis is shown in Figure HA, An alternative 
DOeetoL tty to chat tie, fault cuts’ Motmonlyepedrock, but the 
alluvium as well. In this case, either clay gouge in the fault 
zone or juxtaposition of finer-grained beds against more 
permeable sand and gravel beds could cause a partial or almost 
total barrier to groundwater flow. This type of flow barrier 
could also account for the discrepancy in water levels between 
the two data points. This alternative hypothesis is illustrated 
in Figure 4B. The interpretation that faults may indeed cut 
through the alluvium in this area is a reasonable geologic 
possibility, as discussed in the introductory section of 
Chapter 4. Additional evidence for a major range-front bedrock 
fault in this area is discussed with respect to cross-sections 
BB' and CC' below. 


The second feature of interest in section AA' is the 
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apparent hydraulic gradient between wells (23-18) 6aad and 
6adb. The distance between these two wells is only about 320 
feet. The water elevation in well 6aad is 3815 feet, and that 
in well 6adb is 3580 feet. If flow in the alluvium between 
these two wells is continuous, the apparent hydraulic gradient 
between the two sites is .73 foot per foot (235/320). This 
gradient is indeed anomalously steep. One possible explanation 
for the steep gradient is the presence of a second bedrock 
Fault, which cuts* through the alluvium as well. This fault 
could cause a barrier to groundwater flow in one of the two 
ways discussed in the preceding paragraph. Another explanation 
is that the water level measurement in 6adb, which was reported 
by the driller in 1969, was inaccurate. A third explanation is 
that the wells are perforated in two different permeable zones 
separated by a confining bed. However, where these two wells 
are located on the upper portion of an alluvial fan, one would 
expect to find mostly very coarse-grained material. A confining 
bed impervious enough to effectively separate the hydraulics of 
two different permeable zones is not likely to occur in this 
locale. A fourth issue to consider is the dates when the two 
water level measurements were taken, and whether the anomaly 
Simply represents a groundwater level change with time. Well 
6adb was measured in 1969. Well 6aad was measured in 1982. 
These dates show a time span of 13 years between measurements. 
However, the water level difference is 235 feet, and we do not 
consider it a reasonable possibility that water levels actually 
rose that much in 13 years. Nevertheless, a water level rise 
with time may be a contributing factor to the discrepancy in 
water levels measured at these two wells. 

Section BB' (Figure 5) provides some geologic evidence to 
help support the hypothesis that a major range-front bedrock 
fault occurs in this area. Tennessee Wash Well, (23-18) 20aaa, 
is the key in this case. The driller'ts log indicates that 


bedrock was encountered in this well at an elevation of 3600 
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SACRAMENTO VALLEY CROSS-SECTION BB' BASED ON WELL DATA, 
WITH INTERPRETIVE ALLUVIUM-BEDROCK GEOMETRY 
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feet (depth of 20 feet below land surface). In contrast, the 
deepest well in section CC' bottoms out in alluvium at an 
elevation of 820 feet (depth of 2510 feet below land surface). 
Thus, the vertical distance between the bedrock surface in well 
20aaa and that beneath the deep wells in section CC' is at 
least 2780 feet. (The horizontal distances between well 20aaa 
and the three deepest wells in section CC', wells 32 dad1, 5aad 
and 5dbc, are depicted on the hydrogeologic map. The distances 
range from 13,200 to 19,800 feet.) We conclude from this 
evidence that well 20aaa and all the other wells on section BB! 
lie on the upthrown side of a major bedrock fault, which has a 
vertical displacement of approximately 2800 feet or more. 

Based on this interpretation of the bedrock geology, our 
interpretatin of the water level data in section BB' follows. 
Water was encountered at compatible levels in the two 
northeastern wells in the section, (23-18) 15baa and i5acb. 
Driller's logs for these two wells show that, as with well 
20aaa, bedrock was encountered very close to the surface, at 
elevations of 3816 and 3845 feet, respectively. The measured 
water levels, at elevations 3806 and 3797 feet, respectively, 
were both below the bedrock surface. Thus, we conclude that 
groundwater in these two wells probably flows from fractures in 
the bedrock. The alluvium is dry because it lies above the 
water table. The three southwestern wells in section BB', 
(23-18) 20aaa, 21bebl, and 21beb2, Brew oariildry. Our 
interpretation is that all three wells encounter bedrock very 
close to the surface. The thin veneer of alluvium penetrated by 
each well is dry because it lies above the water table. The 
bedrock penetrated by the wells is apparently dry because it is 
not part of the same flow system represented in the two wells 
to the northeast. The producing fractures penetrated by the two 
northeastern wells may lie along planes which are not 
intersected by the three southwestern wells. Alternatively, a 


fracture or fault zone in the bedrock between these two groups 
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of wells may be filled with impermeable material, and thus, 
create a barrier to groundwater movement. If a fracture zone 
such as this exists, it may be an extension of the secondary 
fault zone postulated in section AA". 

Section CC' (Figure 6) shows both geologic and hydrologic 
evidence suggestive of a major range-front fault on the west 
side of the Cerbat Mountains. The geologic evidence involves 
three very deep wells to the west, (22-18) 5dbc and 5aad, and 
(23-18) 32dad1, and one shallow well to the east, (23-18) 
35ccec. Driller's logs indicate that the three deep wells 
penetrate alluvium all the way down. The deepest of these 
holes, well 5aad, bottoms out in alluvium at an elevation of 
820 feet. In contrast, the driller's log for the shallow well, 
35ccce, indicates that bedrock was encountered at an elevation 
of 3363 feet. In this case, the vertical distance between the 
bedrock surface in well 35cce and that beneath the base of well 
Saad is at least 2543 feet. We infer from this evidence that 
the three deep wells lie on the downthrown side and well 35ccc 
lies on the upthrown side of a major bedrock fault. The 
vertical displacement along the fault must be at least 2500 
feet according to section CC'. As discussed above, well data on 
section BB', in conjunction with those on section CC', suggest 
a vertical displacement of at least 2800 feet. 

The hydrologic evidence on section CC' that supports the 
theory of a major bedrock fault involves the hydraulic gradient 
between well (23-18) 35cecce on the east and well 33cbe on the 
west. The groundwater elevation in well 35ccc is 3465 feet, and 
that in well 33cbe is 2580 feet. The horizontal distance 
between the two wells is about 10,600 feet. Although no well 
log for well 33cbe is available, we presume the well penetrates 
alluvium all the way down because of its proximity to the deep 
wells known to bottom out in alluvium. Thus, it seems that 
groundwater flow in the alluvium between wells 35cce and 33cbe 


could well be continuous. The hydraulic gradient indicated 
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SACRAMENTO VALLEY CROSS-SECTION CC' BASED ON WELL DATA, 
‘WITH INTERPRETIVE ALLUVIUM-BEDROCK GEOMETRY 
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is 208 foot, per “foots +(885/10,600).% This'«gradient!) is nearly 
twice as steep as the steepest gradient (.044 foot per foot) in 
Detrital Valley, near Dolan Springs. Thus, we conclude once 
again, on the basis of an anomalously steep hydraulic gradient, 
that a major bedrock fault may lie between the two points of 
concern. The steep gradient could be associated wth an abrupt 
increase in alluvial thickness across the bedrock fault plane, 
Bimoaiar \toe.that » pastulated’ oin- “section (AA's *andt#illustrated 
schematically in Figure 4A. This al’s0: @7is the scenario 
illustrated in Figure 6, although the vertical exaggeration 
again distorts the picture. Alternatively, the fault may cut 
the alluvium as well as the bedrock, as illustrated 
schematically in Figure 4B. In this case, a flow barrier caused 
by clay gouge in the fault zone or the juxtaposition of 
finer-grained beds against coarser-grained beds could account 
for the discrepancy in water levels on opposite sides of the 
fault. 

There is one other phenomenon of interest in section CC’. 
Of the four wells west of the fault, the water level in 33cbe 
is remarkably higher than that in the other three wells. Our 
explanation is as follows. The three deeper wells, which also 
have the deeper water levels, are all perforated through 
elevation ranges that begin beneath the base of well 33cbe. 
Thus, the three deep wells are tapping alluvial strata far 
below those tapped by well 33cbe. We propose that the 
discrepancies in water levels are due to inhomogeneities in the 
alluvium. Apparently confining beds do separate permeable beds 
whose hydraulics are more or less disconnected from each other. 
Thus, the potentiometric surface or surfaces represented in the 
three deeper wells are not continuous with that in well 33cbe. 
Note that the 2600 foot equipotential line drawn on the 
hydrogeologic map represents the upper potentiometric surface, 
as appears in well 33cbe. At least one deeper piezometric 


surface, at around 2000 to 2100 feet in elevation, also occurs 
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in this area, as represented in the three deeper wells. 
Additional information drawn from the well data in 
northern Sacramento Valley may be summarized as follows. The 
depth to water is highly variable, as illustrated on the three 
cross-sections discussed above. Recorded well yields are 
generally 30 gallons per minute (gpm) or less. The only three 
wells with recorded yields greater than 30 gpm are (23-18) 
sedaaq?t (yield 150 gpm), which.-#s one of “the deep wells on 
section CC'; and (23-18) 15baa and 15acb (yields 70 gpm and 100 
gp, respectively), which are the two wells apparently 
producing from fractures in bedrock in section BB'. However, 
none of these three wells are currently in use. A large volume 
of the groundwater pumped in the area is used for the municipal 
water supply for the town of Chloride. Five municipal supply 
wells, each yielding 15 gpm, lie in township 23 north, range 18 
west, sections 3 and 4. Well (24-18) 34cab is a sixth municipal 
supply well, also yielding 15 gpm. Groundwater in the area is 
also used for stockwatering, domestic supplies and small mining 
operations. The water level data are insufficient for us to 
draw any conclusions regarding trends of groundwater level 


change with time. 


HUALAPAL VALLEY 

Although the surface drainage in Hualapai Valley is 
internal, groundwater flow exits the drainage basin both to the 
north and to the south. Most of the groundwater movement runs 
from the mountains toward the valley center, and then north, 
beneath Hualapai Wash, to discharge into the Colorado River at 
Lake Mead. A secondary outlet from the Hualapai basin occurs in 
the Hackberry area. Some of the groundwater from Truxton Canyon 
turns south, flowing against the topographic gradient, and 
toward Big Sandy Valley, which lies southeast of the study 
area. The groundwater drainage divide, which lies well north of 


the surface drainage divide in this area, occurs near the mouth 


Geo/Resource Consultants 




















bi let redney desde add od betty berniee ee hers anna ante 
pt omet tise ode mo? awgnb a) Sd amvore t: Lawots Abhay 
ugoLloet 2% ‘beet eamiva oc vow. ys hiba¥ ote ae v)02 ee ae 
sera) ate Gh Badd WoattY xa ei [ekmen WA dgad ei Yatew oF Miged | * a 
1k «6SO0e2Y ‘tiew Bad «adek “a bepruanies acditaoee.seuqs Hein 


6 200- Cho Oct” one st. to (may + aga m BQooltem Of eilerateg | aes 
(Bimgsy O4& aga Of Send “ETEd ‘a Wabiyi bebysoer dtiw etlew : We 
.@ Sitew qesh °42 io..eno ORE og tau easy Of? Bioty) ruabse ay 
GOPpha siqg OY eolate) toeeie ame gage (arses) pre (139 obD toes 

(ifae1iega: ilew Gat. it ae dolde (Vleviisiosenrs (2ER 

SES V9 wor fi rohe +e. oh) FQN ad) HA Genk ice yk wont gxsouhadg al 


Wisilov ayn dl A .ased eh Ch vaetsge G44 2llvw cnetd etedd Yo caeae 
[AG \o ' rot beau OS seaa ade Bh baimey soe astuunstg, See fe 
us GuK aylvoinee e+ i4 ‘~ebiao fed ame! 325, oT wba! Sagan ot , 























1a) 7 -. . , % 
ot , 04 ,ditea OS ¢*eeeved wii eieee i ap teleie. ogee erie "As 
he: e dixia @ @h deote er aaay e .4 tae € cacdiigeee eae 
a a sD : in he none j te ee iG ae i - 
AL ~ é vi} « L ‘Oa ¥ mivwo +) 299 soar kb =i ~» (oe (uges 
ca eer ‘ eck ante ie 
Hats 2 (ae8 bie ash iqgus Saige Pielttusoola % hecw gai@ oh 
7 "™_ a het, bee > Pe ; 
OS Be i691 Sanolol Ss vesk Sele A thy <AF ..dh2eaege sh ig 
1 ; : . 
{606i Wiscwhusots We - ebaead etOls 1 E00 Om Ces Mee ey 


Ast t v epaeie © 


at See ray £eGalaud ck “gee 
od ad; tue Hines sccnieth ease 
ceas Jiame yon Ae2kw’ Lexa 89 oR 
310g ieee s fine sigisoo yokfag 
$2 «ov ER pbavoke® ety olct opm 
al e999ee7 th i dagesc. eds nO % 
4 eee awbovo te on 
a e403 sialon 
eeil a 







vegas) nods 
tin Sagi 
epee, ens 
Yo drow tLows 


Ln 
0 7 hoe 


a 
nk 
i 

a 








v 
kala 


‘a 


— 







gebsvid 
eldy 


4 


Page 59, 263-1H 


of Truxton Canyon. The location of this groundwater divide has 
changed with time. Under natural conditions prior to 
Significant pumping interference, a lay further south, 
although still north of the topographic divide (Gillespie and 
Bentley, 1971, p. 22). However, pumping in the Hackberry area 
has pushed the groundwater divide north to its present 
position. Hydraulic gradients in the Hualapai basin range from 
as high as .023 foot per foot beneath Truxton Wash and .012 
foot per foot in the tributary canyon south of Table Montain 
Plateau, to .001 foot per foot in the central part of the main 
basin. 

The depth to water beneath Hualapai Valley ranges from 
approximately 500 to 900 feet northeast of Kingman, down to 
about 260 to 300 feet south of Red Lake. From Red Lake north to 
the topographic divide, the depth to water increases from 
approximately 350 feet to 650 feet at well (28-17) 31ccc. 
Beneath Truxton Wash, the depth to water ranges from about 20 
feet at the mouth of Truxton Canyon to about 600 feet at well 
(24-14)29aaa. Beneath Hackberry Wash the depth to water ranges 
from approximately 200 feet to 500 feet, moving downgradient. 

Well yields in the main Hualapai basin range from 10 gpm 
for domestic wells to 1600 gpm for irrigation and municipal 
wells, especially near Kingman and Valle Vista. Wells near Red 
Lake have produced as much as 2200 and 3000 gpm, although these 
wells are not currently in use. Recorded well yields in the 
Truxton Wash-Hackberry area range from 5 to 430 gpm. The higher 
producing wells are used for irrigation and Kingman municipal 
water supply. Gillespie and Bentley (1971, p. 23, 25, 26) 
briefly discuss the history of well use and groundwater 
consumption rates in Hualapai Valley. According to Remick 
(1981) groundwater consumption in the Hualapai basin has 
increased from less than 500 acre-feet per year (af/yr) in 
1960, to 4000 af/yr in 1967, to 6000 af/yr for 1978 through 
1980. 
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Remick (1981) indicates that the well field in the Truxton 
Wash-Hackberry area was developed in 1943 and used through 1945 
as a water supply for the Army Air Base near Kingman during 
World War II. From 1960 to 1969, the well field was used for a 
municipal water supply for the City of Kingman. According to 
Remick, well yields in this area ranged from 200 to 1200 gpn, 
the higher yield wells producing from in or near Truxton Wash, 
during these two periods of high uSe. 

On the basis of discharge and drawdown data, Gillespie and 
Bentley (1971, p. 23-25) estimated values for the transmissi- 
vity and hydraulic conductivity of the older alluvium beneath 
Hualapai Valley. Transmississivity is the product of hydraulic 
conductivity and the saturated thickness of the aquifer. In the 
main Hualapai basin, the estimated hydraulic conductivity was 
60 gallons \*per') day = per square foot. The transmissivity 
estimates ranged from 34,000 to 44,000 gallons per day per foot 
Gepcoyiie). iin Vthe VHackberry °;area, the estimated hydraulic 
conductivity at well (23-13) 20ccd was 90 gallons per day 
square foot, and the estimated transmissivity was 22,000 
gpd/ft. Some additional figures for transmissivity near Red 
Lake were quoted from Van der Harst (1980) by Remick (1981). 
These transmissivity values ranged from 2,100 to 27,000 gpd/ft. 

Both Gillespie and Bentley (1971, p. 27) and Remick (1981) 
computed estimates of subsurface outflow from the Hualapai 
basin using Darcy's Law (as we have done above for Detrital 
Valley). Gillespie and Bentley conclude that the groundwater 
outflow north of Red Lake is 4,000 af/yr, and the outflow 
southeast of Hackberry is 1,000 af/yr. Thus, the total 
subsurface outflow from the basin is 5,000 af/yr. Remick's 
estimates indicate 2,000 to 2,500 af/yr of outflow north of Red 
Lake, and 400 to 1,300 af/yr of outflow southeast of Hackberry. 
Thus the total subsurface outflow estimated by Remick would 
range from 2,400 to 3,800 af/yr. 


Estimates for the average annual recharge to the Hualapai 
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groundwater basin have also been proposed by both Remick 
(1982) and Gillespie and Bentley (1971, p. 22). Gillespie and 
Bentley indicate that, except in the Hackberry area, natural 
conditions, in which long-term groundwater recharge equals 
subsurface outflow, probably have not been affected by pumping. 
Thus, they imply that the annual groundwater recharge is 
approximately equal to the discharge at the basin boundaries, 
which they estimated to be 5,000 af/yr. In contrast, Remick 
estimates an annual groundwater recharge rate of gA000" (to 
12,000 af/yr. We point out that if the groundwater consumption 
from 1967 onward ranged from 4,000 to 6,000 af/yr, as indicated 
by Remick, then the annual recharge must be at least as high as 
Remick estimates in order for groundwater levels to have 
dropped as little as they apparently have. 

The following discussion of groundwater level changes with 
time is based on our analysis of water level monitoring data 
provided by the U.S. Geological Survey (Water Resources 
Division, Phoenix, Arizona). We point out that, although small 
to moderate water level fluctuations have been observed, none 
of these are great enough to significantly change the positions 
of equipotential contour lines at 100 foot intervals across the 
Hualapai Valley. In accordance with this statement, the 
Hualapai basin groundwater contour maps by both Remick (1981) 
and Gillespie and Bentley (1971, Plate 1) show a distribution 
of equipotential lines very similar to that on our 
hydrogeologic map. A discussion of the small to moderate water 
level fluctuations that have, nonetheless, been observed 
follows. 

In the main Hualapai basin from Red Lake north, a one to 
five foot rise in water levels from 1965 to 1980 is indicated. 
In the main basin from Red Lake to south of Long Mountain, no 
persistent trends have been observed. Northeast of Kingman, in 
the southern portion of the main basin, a water-level decline 


of about five feet from 1965 to 1982 is suggested. 
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The only area with really major groundwater level declines 
is apparently the Truxton Wash-Hackberry area. Water level data 
for this area often date back to the early 1940's. The data 
are complex, and even the seasonal water level fluctuations are 
sometimes large (16 and 27 feet), presumably because of the 
effect of high pumpage in the area. Nevertheless, the overall 
trend is certainly a decline, ranging from about 20 to 75 feet 
from the early 1940's to 1980. Beneath Hackberry Wash, the 
water level decline during this interval ranged from 38 to 61 
feet. Beneath the upper portion of Truxton Wash, declines in 
four wells ranged from 24 to 76 feet during that same time 
interval. However, three other wells show declines of up to 51 
feet from the early 1940's to 1965, and then a groundwater rise 
of 7 to 57 feet from 1965 to 1980. These contrasting trends in 
the upper Truxton Wash may be a function of inhomogeneities in 
the alluvium and wells perforated at different depths. 
Alternatively, they may reflect that the water level data in 
this area are affected by the high pumpage and therefore cannot 
be interpreted at face value. Beneath the lower portion of 
Truxton Wash (in T24N, R14W), three wells show groundwater 
declines of 23 to 48 feet from the early 1940's to 1980. 
However, a fourth well in the area shows a similar trend to 
wells discussed above. Groundwater in this well dropped over 35 
Peecetrom, the, early 1940's to 1965, andy then it rose over ,11 
feet from 1965 to 1980. We propose a similar explanation to 
that discussed above for the water level fluctuation in this 
well. 

Gillespie and Bentley (1971, p. 28-29) also discuss water 
level fluctuations in Hualapai Valley. They indicate that in 
the main part of Hualapai Valley, water levels have remained 
almost unchanged, except for slight fluctuations due _ to 
barometric effects. In the Truxton Wash-Hackberry area, water 
levels have declined at rates ranging from half a foot to seven 


feet per year from about 1950 to the late 1960's. 
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KINGMAN AREA 

The general occurrence of groundwater in the younger 
volcanic rocks near Kingman, as indicated by Gillespie and 
Bentley (1971), is discussed above in the stratigraphic units 
section of Chapter 4. 

Gillespie and Bentley (1971, p. 25-27, 29) also give some 
history about well development and use in the area. In summary, 
over 100 domestic and public-supply wells have been drilled in 
the younger volcanics near Kingman. Prior to 1961, nearly 250 
af/yr was pumped from these wells, mostly for the Kingman 
municipal water supply. In 1961 this pumpage decreased to about 
130 af/yr because an additional Kingman water supply was 
developed in the fTruxton Wash-Hackberry area of Hualapai 
Valdicy. pAsteot ethemwtime) of; Gillespie and -Bentley's report 
(197 deaesonlyt cir of etheliwellss injsthegyounger evolcanices: were 
still in use. The municipal wells among them each yield about 
100 gpm. A decline of water levels of about one foot per year 
was observed from 1953 to 1963. From 1963 on, the groundwater 
has risen at about a half foot per year in response to the 
decreased Kingman municipal pumpage from the volcanic rocks. 

Our interpretation of groundwater flow in the younger 
volcanics near Kingman is illustrated on the hydrogeologic map. 
Apparently there are at least two discontinuous flow systems 
represented by the well data. The dash-dot line indicates the 
boundary between the two systems. North of the boundary, 
groundwater flows southeastward down a steep gradient of 
about .0O4 foot per foot. The volcanic strata in this area also 
dip to the southeast (Gillespie and Bentley, 1971, Plate 19% 
Therefore, we suggest that the groundwater in this system may 
come from a particular permeable interbed of agglomerate or 
gravel in the volcanic strata. Note that recorded depths of all 
the wells in this area fall within a reasonably narrow range of 
60 to 140 feet. 


In three wells south of the discontinuity boundary, water 
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elevations are about 300 feet lower than those in wells just 
north of the boundary. In contrast to the northern wells, the 
southern wells are all 300 feet deep or more. According to the 
driller's report, one of the wells is screened from a depth of 
220 to 300 feet. Driller'ts reports for two of the southern 
wells indicate that during drilling no water was encountered at 
elevations higher than the current static water levels. This 
evidence all suggests that there is some kind of geologic 
boundary, possibly a fault, which creates a barrier. to 
groundwater movement. This boundary separates the flow system 
represented in the northern wells from that in the southern 
three Wella. oOuco Of this boundary, “the hydrologic “data 
provided by the three wells are insufficient to determine a 
general pattern of groundwater flow. 

Even further south than the three southern wells discussed 
above lies a cluster of three more wells, just outside the 
project area boundary. Water levels in this cluster of wells 
are 200 feet lower than those in the "southern" wells discussed 
above. We suggest that these three wells represent a different 
flow system from that of any of the wells in the younger 
volcanics discussed above. The three wells are apparently 
drilled into an alluvial channel leading southwest to 


Sacramento Valley. 


BLACK MOUNTAINS, CERBAT MOUNTAINS, WHITE HILLS AND 
GRAND WASH CLIFFS 


In the mountain areas, groundwater occurs in fractured and 
weathered zones of the Precambrian igneous and metamorphic 
rocks, fractures and solution channels in the Paleozoic 
sedimentary rocks, and fractures and tuff beds in the volcanic 
rocks. No attempt was made to contour water levels in these 
rocks because flow patterns in fractured rock are localized and 
complex, and the scattered well and spring data available are 


inadequate for a detailed analysis of these complex systems. 
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In general, where wells have encountered water, the yields 
are small, usually less than 30 gpm. The depths to water are 
variable, although most producing wells in bedrock in the Black 
Mountains, Cerbat Mountains and White Hills encounter water at 
less than 100 feet. In the Paleozoic sedimentary rocks capping 
the Grand Wash Cliffs, the depth to water in wells is asS great 
as several hundred feet. Many small springs issue from bedrock 
in the mountains. Spring yields measured by GRC in the field 
were generally less than 6 gpm. 

Ini* the *ewWwhites’Hills, groundwater’ occurs snot only in 
fractured or weathered bedrock, but also in pockets of alluvium 
that are quite deep and extensive relative to most occurrences 
of alluvium in the mountains. The aerial extent of these 
alluvial deposits is illustrated on both the geologic and 
hydrogeologic maps (Plates 1 and 3). Some information regarding 
depths of the deposits is provided by driller's reports. 
Driller's reports indicate that well (26-18)5dbb bottomed out 
in alluvium at a depth of 700 feet, and well (28-19)25abb 
bottomed out in alluvium at a depth of 375 feet. The data from 
these two wells indicate that the alluvium is at least 700 and 
375 feet deep, respectively, in each of the alluvial pockets 
represented. Our interpretation is that the geology in the 
White Hills is very complex, possibly with many bedrock faults 
which create bedrock outcrops separated by small alluvial 
pockets or basins. Again, because the distribution of well and 
spring data is inadequate to define what is apparently a 
complex groundwater system, no attempt was made to contour 
water levels in the White Hills. The one exception to this 
statement involves the tributary valley to Hualapai Valley 
south of Table Mountain Plateau, where water levels have been 


contoured. 
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RECENT BLM WELL FAILURES 

Five dry holes were drilled by the U.S. Bureau of Land 
Management (BLM) between the years 1977 and 1980. The site nun- 
bers and well names for these holes are identified in Table 3. 
Also included in Table 3 are brief descriptions of the location 
of each well with respect to geologic features, as well as 
specific lithologic and hydrologic data provided by the 
driller's log for each hole. The well locations are illus- 
trated on the hydrogeologic map (Plate 3). 

Our interpretation of why each of these wells was dry 
fort ows. tn essunmmary, ail five wells fala’ sinto a consistent 
pattern; each well was drilled mostly in crystalline bedrock in 
or near the mountains, whereas the major groundwater-bearing 
unit in the study area is the alluvium beneath the valleys. 
With the term crystalline bedrock, we include younger 
volcanics, older volcanics, and Precambrian igneous and 
metamorphic rocks. Four of the five wells do penetrate 10 to 30 
Peer of SsOll Or Balduvium at the top, bugethis porous tnaterial 
in each case is dry because it lies above the water table. 

Because groundwater in the crystalline bedrock occurs only 
in fractured zones, weathered zones and tuff beds, the 
groundwater is highly localized. That is, water does not flow 
uniformly through the system, but rather, its occurrence is 
controlled by fracture alignment and density. Thus, where two 
wells are drilled into bedrock near each other, one could 
encounter water while the other is dry. It is therefore not 
surprising that many wells drilled into the bedrock do not 
encounter water. 

On the basis of the available data, we conclude that each 
of the five dry BLM wells is dry because it is unfavorably 
located with respect to a complex groundwater system in the 
bedrock. We point out that the failure of one particular well, 
Tennessee Wash Well, number (23-18) 20aaa, is explained 


specifically in the discussion above of cross-section BB! in 
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Table 


Well Name and 
Site Number _ 


Tennessee Wash Well 
(23-18) 20aaa 


Sugarloaf Well 
(23-19) 16cc 


Mockingbird Well 
(26-21) 15ada 


Little Horse Well 
(27-19) 20ded 


White Hills Well 
(28-19) 1bb 


Si 


Location with Respect 


to Geologic Features 


In northern Sacramento 
Valley; upthrown side 
of postulated range- 
front fault 


In younger volcanics 
on eastern flank of 
Black Mountains 


In Precambrian bedrock 
on eastern flank of 
Black Mountains 


On the edge of one 
of the small alluvial 
basins in the White 
Hills 


In a granite bedrock 
outcrop portion 
of the White Hills 


ES 
Data from Driller's Log 
O- 20 feet Top soil 
20-375 feet Granite 
375 feet Bottom of hole 
No water encountered. 
O- 12 feet Top soil 
12-300 feet Hard rock 
300 feet Bottom of hole 
No water encountered. 
0-425 feet Granite and schist 
425 feet Bottom of hole 


Water encountered at 165 
and 210 feet, but will not 
hold a static level. 


O=- 30 feet 
30-200 feet 


200 feet 


Loose sand and gravel 
Volcanic rock and 
granite, very fractured 
Bottom of hole 


Very dry; no static water 


after 12 


O- 10 feet 

10-300 feet 
300 feet 
Dry 


hours. 


Top soil and loose rock 
Bedrock 
Bottom of hole 
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the northern Sacramento Valley. We have no specific evidence 
that drilling methods were responsible for any of the well 


failures. 


The fact that the five dry BLM wells were drilled mostly 
in bedrock is now readily determined by reviewing the driller's 
log for each hole. However, before each well was drilved, “it 
may not have been obvious that the well was likely to encounter 
Shallow bedrock. Nevertheless, as a result of this study, data 
now are available for scientifically predicting favorable 
locations for future water wells. The combination of the 
geologic and hydrologic data shown on Plates 1 and 3, the well 
and spring data compiled in Appendix A, and the detailed 
hydrogeologic analysis presented in this report provides a 
sound scientific basis for future water resources Planning and 


development. 
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Chapter VI 


GROUNDWATER QUALITY 


This chapter contains a discussion of the methodology of 
water sample collection and testing by Geo/Resouce Consultants 
(GRC) Ceincethel field; the water quality testing in the 
laboratory, and finally, our analysis of groundwater quality in 
the Detrital and Hualapai basins based on the available data. 
Although most of the data used in our analysis was gathered 
during the present investigation, data from two other sources 
(Remick, 1981; Gillespie, Bentley and Kam, 1966) were also 
used. All of these water quality data appear in the water 


quality data tables in Appendix B. 


FIELD METHODOLOGY 


Sixty-three water samples were collected during the field 
investigation and analyzed. Collection points were chosen to 
represent a broad geographic distribution of sites. The 
coverage was limited in some areas because of access 
difficulties. Generally, no more than one sample was collected 
from a Single section of land. 

Water samples from wells with pumps were collected as 
close to the wellhead as possible. Wells were pumped for at 
least ten minutes before a sample was collected, so the water 
would be fresh from the aquifer. If the water had been stored 
in pipes or tanks, a note was made on the well schedule forn. 
Wells without pumps were sampled using a bottom-filling type 
polyvinyl chloride plastic water sampling cylinder with a slot 
screen at the intake and a ball check. The cylinder was lowered 
to a position several feet (to several tens of feet) below the 
water surface in the well to retrieve the sample. Water from 
springs was collected directly into sample bottles at the 


source. 
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Temperature, pH, and specific conductance of water samples 
were determined and recorded immediately upon collection. Each 
sample was split into several fractions. The fractions were 
prepared and stored according to specified procedures so that 
accurate determinations could be made in the laboratory. 
Samples were sent (airmail) approximately once per week to the 
U.S. Geological Survey Water Resources Division Central Water 


Laboratory in Arvada, Colorado. 


LABORATORY TESTING 

All samples were tested in the laboratory for pH and 
specific conductance, as well as to determine concentrations of 
major ions including calcium, magnesium, sodium, potassiun, 
Bilica,earon, boron, ’*chloride, sulfate) fluoride, ‘hardness as 
calcium carbonate, non-carbonate hardness, and residue on 
evaporation at 180 degrees Centigrade. Selected samples were 
also tested for concentrations of nitrogen (as nitrate/ 
nitrite), phosphorus, orthophosphate, and heavy metals 
including aluminun, antimony, arsenic, bariun, berylliun, 
bismuth, cadmium, chromium, cobalt, copper, gallium, germaniun, 
lead, Lithium, manganese, molybdenun, nickel, silver, 
strontium, tin, titanium, vanadium, zine, and zirconium. Many 
of the determinations of heavy metals concentrations are 
semi-quantitative; that is, only concentrations above a certain 
limit are reported. This analysis technique is typical for 
reconnaissance evaluations such as this study. Concentrations 
are recorded in milligrams per liter (mg/l) and micrograms per 
liter (ug/l). A mass-balance calculation was performed to check 


the results for each sample tested. 


A A A 
Detrital and Northern Sacramento Valleys 
Water quality in the Detrital Valley area is generally 


good. Ionic concentrations are moderate, with total dissolved 
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solids (residues upon evaporation) ranging from approximately 
225 to 750 mg/l. For comparison, the maximum recommended limit 
for total dissolved solids in domestic water supplies, as 
established by the U.S. Environmental Protection Agency (EPA), 
is 500 mg/l (U.S. Environmental Protection Agency, 1979). The 
water in Detrital Valley may be characterized as hard to very 
hard. EPA criteria for hardness indicate that a concentration 
of 0 to 75 mg/l hardness as calcium carbonate represents soft 
water, 75 to 150 mg/l represents moderately hard water, 150 to 
300 mg/l represents hard water, and over 300 mg/l represents 
very hard water (U.S. Environmental Protection Agency, 1976, 
p. 75). 

Both major ion and heavy metal ion concentrations tend to 
be higher in samples collected in and near the mountains 
bordering Detrital and Sacramento Valleys than in samples from 
beneath the central parts of the valleys. All sites in the 
Detrital basin that have ionic concentrations exceeding the EPA 
recommended limits for domestic water use are listed in 
Table 4. The table includes the measured excessive concen- 
trations found at each site, as well as the EPA standard for 
each ion in question. All but one site listed in Table 4 are 
located in or near the mountains bordering Detrital Valley. In 
Summary, samples from the eastern Black Mountains contain 
concentrations above EPA recommended limits of arsenic, lead, 
manganese, fluoride and sulfate. Three samples from the White 
Hills exhibit fluoride concentrations above EPA limits. In 
addition, local residents report high concentrations of arsenic 
in the groundwater of the northern White Hills near Senator 
Mountain and Golden Rule Peak. Arsenic concentrations in the 
water from this area were not measured during this 
investigation. 

All but one groundwater sample from beneath the central 
part of Detrital Valley were of good quality. The one exception 


was collected from well (29-21)35cce in northern Detrital 
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Table 4: E IN WI ONIC CENTRATIONS EXCEED 
D LIMITS C 
Ion Concentration EPA Maximum 
ion Site Number Wat Site __s-~zRecommended Limit* 
EASTERN Arsenic:  (25-21)27aba 54 ug/l 50 ug/l 
BLACK (27-21) 29cba 2000 ug/l 
MOUNTAINS 
Lead: (27-21) 29cba 50 ~=ug/l 50 ug/l 
Manganese: (25-21) 23cce 100.) , ug/i 50 ug/l 
Fluoride: (25-21)27aba 3.0 mg/l 1.6 mg/1** 
(25-21) 35dab 2.4 mg/l 
(28=-21)20aac 1.8 mg/l 
Sulfate (27-21) 29cba 2400 = mg/1 250 mg/l 
WHITE Fluoride: (27-19) 7cbd 3.9 mg/l 1.6 mg/1*#* 
HILLS (27-19) 12ace 2.2 mg/l 
(27-20) 14ade 1.9 mg/l 
CENTRAL Sulfate: (29-21)35ccec 290 mg/l 250 mg/l 
DETRITAL 
VALLEY 
ug/l = micrograms per liter = 10°© grams per liter 
mg/l = milligrams per liter = 1073 grams per liter 


# Sources for EPA recommended limits: 
Fluoride: U.S. Environmental Protection Agency, 1975, p. 5 
Sulfate: U.S. Environmental Protection Aency, 1979, p. 42198 
Other Ions: U.S. Environmental Protection Agency, 1976 


## Fluoride criterion based on average maximum daily temperature of 
70.7 to 79.2 degrees Fahrenheit 
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Valley. It contained a high concentration of sulfate, probably 
supplied by dissolution of nearby buried evaporite stata. It 
Should be noted that slightly elevated ionic concentrations are 
to be expected in Detrital Valley groundwater, because a large 
portion of the reservoir is mildly geothermal. Water 
temperatures range from approximately 20 to greater than 30 
degrees Centigrade. 

Table 5 contains a list of all the sites in the northern 
Sacramento Valley area which have ionic concentrations 
exceeding the EPA recommended limits for domestic water use. 
The table also lists the excessive concentrations found at each 
site and the relevant EPA standards. All of the sites with 
excessive ionic concentrations occur in or very near the 
western edge of the Cerbat Mountains. In Summary, 
concentrations above EPA recommended limits of lead, manganese, 
zinc, iron, sulfate, chloride and fluoride were found. fThe 
elevated levels of heavy metals are probably associated with 
mineralized zones in the western Cerbat Mountains where mining 


activities have occurred. 


Hualapai Valley 

With a few exceptions, water quality in the Hualapai 
Valley area is also good. Total dissolved solids (residues upon 
evaporation) range from approximately 350 SO col Sey 
somewhat higher than those found in Detrital Valley water. The 
water is hard to very hard. EPA criteria for total dissolved 
solids and hardness in domestic water supplies are discussed 
above in the section on Detrital Valley. 

As was the case with Detrital and northern Sacramento 
Valleys, higher ionic concentrations were found in groundwater 
in and near the mountains bordering Hualapai Valley than in 
groundwater beneath the central parts of the valley. Table 6 
contains a list of sites in the Hualapai basin with ionic 


concentrations exceeding EPA recommended limits for domestic 
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Table 53; C V C 
TRATIONS CEED A RECOMMENDED LIMITS 
0 TIC 
Ion Concentration EPA Maximum 
ion Site Number W_at Site Recommended Limit * 
Lead: (22-17) Tedd2 60 ug/l 50 ug/l 
(23-18) 35dcec 50 ug/l 
Manganese: (22-17) 7Tcedd1 140 ug/l SQ ues 2 
(23-18) 6aad 1000 ug/l 
(23-18)15baa 100% uggs 
(23-18) 35dcc 150.7 ugsa 
Zine: (23-18) 6aad 7000 ug/l 5000 ug/l 
Iron: (22-17) Tedd 7100) “ug/7Tt 300 ug/l 
(23-18)35dce ah. OOD a i ven 
Sulfate: (22-17) Teddi 480 mg/l 250 mg/l 
(22-17) Tedd2 680 mg/l 
(23-18) 6aad 900 mg/l 
(23-18) 15baa 1200 mg/l 
(23-18) 35dcce 1600 mg/l 
(22-18)12caa 295 mg/l 
(23=1.0) -34a0c6 475 mg/l 
(23-18) 3cbb 460 mg/l 
Chloride: (23-18) 6aad 1300 mg/l 250 mg/l 
(23-18)15baa 330 mg/l 
(23-18) 3cbb 264 mg/l 
Fluoride: (22-17) Tedd2 2.3) Me 1.6 mg/1#* 
(23-18) 3adb 2.2 mg/l 
(23-18) 3cbb 1.7 mg/l 
ug/l = micrograms per liter = 1078 grams per liter 
mg/l = milligrams per liter = 10° grams per liter 


# Sources for EPA recommended limits: 
Fluoride: U.S. Environmental Protection Agency, 1975, p. 5 
Sulfate and Chloride: U.S. Environmental Protection Agency, 1979, p. 42198 
Other Ions: U.S. Environmental Protection Agency, 1976 


## Fluoride criterion based on average maximum daily 
temperature of 70.7 to 79.2 degrees Fahrenheit 
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Table 6: SITES IN THE HUALAPAT BASIN WITH IONIC CONCENTRATIONS EXCEEDING 
DED D C r P 
Ion Concentration EPA Maximum 
Zon Site Number _uat Site Recommended Limit* 
EASTERN Sulfate: (23-17) 35bdb 557 mg/l 250 mg/l 
CERBAT 
MOUNTAINS 
GRAND WASH Sulfate: (25-14) 15bab 310 mg/1 250 mg/l 
CLIFFS (26-14) 30ceeb 390 = mg/l 
(26-15) 23dac 430 mg/l (GRC) 
(26-15) 23dac 259 mg/l (Remick) 
(27-15) 27bea 420 = mg/1 
(28-17) 24bec 490 = mg/1 
Chloride: (25-14)15bab 260 mg/l 250 mg/l 
Fluoride: (25-14)15bab 2.9 mg/l 1.6 mg/1** 
(26-14) 30ceceb 5.7 mg/l 
(26-15) 23dac 2.7 mg/l 
(27-15) 27bea 4.1 mg/l 
(28-17) 24bec 6.3 mg/l 
(29-17) 36dda 3.0 mg/l 
WESTERN Iron: (23-15) 13ecb 2,600 ug/l 300 ug/l 
PEACOCK 
MOUNTAINS Fluoride: (23-15) 13ceb Ze seus) 1.6 mg/1#* 
EASTERN Iron: (23-13) 19cbb 900 ug/l 300 ug/l 
PEACOCK 
MOUNTAINS 
COTTONWOOD Chloride: (22-13)13aad 330 = mg/1 250 mg/l 
MOUNTAINS 
CENTRAL Chloride: (28-17) 31cce 528 =mg/l 250 mg/l 
HUALAPATI 
VALLEY Fluoride: (23-15) 4ddd 5.6 mg/l 1.6 mg/1** 
(23-15) 8ddd 1.7 mg/l 
ug/l = micrograms per liter = 10-© grams per liter 
mg/l = milligrams per liter = 10-2 grams per liter 


* Sources for EPA recommended limits: 
Fluoride: U.S. Environmental Protection Agency, 1975, p. 5 
Sulfate and Chloride: U.S. Environmental Protection Agency, 1979, p. 42198 
Other Ions: U.S. Environmental Protection Agency, 1976 
## Fluoride criterion based on average maximum daily 
temperature of 70.7 to 79.2 degrees Fahrenheit. 
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water use. The table also lists the excessive concentrations 
found at each site and the relevant EPA standards. 

For sites in and near the mountains, the distribution of 
ionic concentrations above EPA limits may be summarized as 
follows. In the eastern Cerbat Mountains, one site shows a con- 
centration of sulfate above the EPA recommended limit. Several 
samples from the Grand Wash Cliffs contained elevated levels of 
sulfate, chloride and fluoride. One site in the western Peacock 
Mountains exhibited excessive concentrations of both iron and 
fluoride. Just east of the Peacock Mountains, near Hackberry, 
one sample contained a high level of iron. In the Cottonwood 
Mountains, one site with a high concentration of chloride was 
found. 

Although most water samples from the central parts of 
Hualapai Valley were of good quality, ionic concentrations 
above EPA limits were meaSured in three samples. One site north 
of Red Lake has an excessive concentration of chloride, and two 
sites east of Long Mountain have elevated levels of fluoride. 
In addition, excessive concentrations of chromium are known to 
occur in some wells drilled in the alluvium northeast of 
Kingman (Devlin, 1982). The EPA maximum recommended limit for 
chromium in domestic water is 50 micrograms per liter (U.S. 
Environmental Protection Agency, 1976, p. 37). However, the 
elevated chromium levels are apparently somewhat limited 
geographically, because no elevated chromium concentrations 


were detected in any samples collected by GRC. 


Explanation of Results 

The following conditions were found to exist in both the 
Detrital and Hualapai basins. The major cations and anions 
exhibit variations in concentration over approximately one 
order of magnitude, with most values grouped near the ends of 
the range. In general, the sites exhibiting higher ionic 


concentrations occur near the perimeter of the alluvial 
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deposits; that is, in and adjacent to the mountains bordering 
the valleys. The sites exhibiting lower ionic concentrations 
are generally out in the central areas of the alluvial valleys. 
Several factors may contribute to the differences in water 
quality between wells in central alluvium and wells near the 
perimeter of the valleys. These factors are discussed in the 
following paragraphs. 

Direct recharge to the alluvium occurs when there is 
sufficient rainfall to cause flow in the ephemeral streams 
leading from the surrounding mountains into the valleys. Water 
percolates from the stream channels to the underlying aquifer, 
traveling only a short distance underground, and therefore 
having little opportunity to dissolve and transport minerals. 
Thus, it arrives at the water table with relatively low levels 
of metals and other dissolved solids. Water in wells in the 
central areas of the valleys has this type of direct recharge 
as its main source; hence the low levels of most constituents. 

The -alluvium omear .the ..perimeter..of the. valleys,. also 
receives high quality water from direct precipitation recharge. 
However, significant quantities of water may also be flowing 
into the alluvium through fractured bedrock aquifers from the 
surrounding mountains. These waters are expected to have 
elevated levels of dissolved metals and other ions because they 
have traveled considerable distances underground from the 
recharge areas, probably through weathered, mineralized zones. 
Mining activities in the area indicate the presence of 
mineralized rock which could contribute dissolved solids to the 
groundwater. Elevated levels of metals in groundwater are 
fairly typical in active and potential mining areas, where 
weathering exposes metal ores to oxidation and to contact with 
percolating groundwater. 

Other factors that may contribute to the difference 
between water quality in wells in the central parts of the 


basins and in wells near the perimeter include (1) greater 
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thickness of alluvium near the center, (2) density 
stratification within the alluvium, and (3) clay lenses within 
the alluvium. Wells tapping central parts of the alluvium 
penetrate only a fraction of the total depth, whereas those 
near the perimeter may penetrate the entire alluvium thickness 
and even into bedrock. Water quality in the upper alluvium may 
be better than in lower zones of the aquifer for two reasons: 
(1) density stratification, and (2) percolation of relatively 
good quality recharge into this zone. Wells tapping only the 
upper zone of the alluvium would tend to skim off this high 
quality water, as they do not penetrate into deeper zones where 
more mineralized waters are present. In contrast, wells near 
the perimeter of the alluvium intercept a mixture of water from 
the entire thickness of the alluvium that also includes water 
upwelling from the surrounding bedrock. 

Clay lenses within the alluvium have considerable 
potential for immobilizing dissolved minerals, particularly 
metals that are mobile at low pH values. Water entering the 
alluvium from the surrounding bedrock aquifer may improve in 
quality prior to reaching wells in the central part of the 
alluvium, as a result of contact with these clay lenses. 

In summary, water quality in Detrital and Hualapai Valleys 
is of moderate to good quality, exhibiting an order-of 
“magnitude range of dissolved solids content. These dissolved 
solids are indicative of contact with mineralized rock. The 
range of values appears to be a function of well location, with 
higher dissolved solids content associated with wells near the 
perimeter of the alluvium. Possible reasons for this notable 
difference in water quality with location include (1) distance 
the water travels through weathered bedrock between the 
recharge area and the discharge point at the well, (2) density 
stratification within the groundwater, which keeps the more 
mineralized water below the level of most wells in the central 


alluvium, (3) availability of fresh recharge waters to the 
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upper alluvium, and (4) immobilization of dissolved minerals by 


clay lenses within the alluviun. 
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APPENDIX A 
Well and Spring Data Tables 
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EXPLANATION 


Site Number : 

All site entries are listed in order of township, range, 
section and so forth. The well data are tabulated separately 
from the spring data. An explanation from the U.S. Geological 
Survey of the site numbering system is given below. 

"The local number or well number is the location 
of a well to the nearest 10 acres in an abbreviated 
form. The well numbers used by the geological survey 
in Arizona are in accordance with the Bureau of Land 
Management's system of land subdivision. The land 
survey in Arizona is based on the Gila and Salt River 
Meridian and base line, which divide the state into 
four quadrants. These quadrants are designated 
counterclockwise by the letters A, B, C, and D. All 
land north and east of the point of origin is in the 
A quadrant, that north and west in the B quadrant, 
that south and west in the C quadrant, and that south 
and east in the D quadrant. The first digit of a well 
number indicates the township, the second the range, 
and the third the section in which the well is 
situated. The letters A, Br C, and D after the 
section number indicate the well location within the 
section. The first letter denotes a particular 160- 
acre tract, the second the 40-acre tract, and the 
third the l10-acre tract. These letters also are 
assigned in a counter-clockwise direction, beginning 
in the northeast quarter. If the location is known 
within the 10-acre tract, three letters are shown in 
the well number. In the example shown, well number 
B-4-2 19CAA designates the well as being in the NE1/4 
NE1/4 SWl /4 sec. 19, T. 4N, R. 2W. Where more than 
one well is within a 10-acre tract, consecutive 


numbers beginning with 1 are added as suffixes. 
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GILA AND SALT RIVER MERIDIAN 


GILA AND SALT RIVER BASE LINE 
\ 


\ 





c | 
Well (B-4-2) 19caa 





| "Oversize sections occur in a few areas in the 
state. Where a section iS more than a mile in any 
dimension, the excess area iS considered a part of 
that section and has the same section number. The 
oversized section is divided so that a square mile 
unit is adjacent to a normal section within the same 
township; the rest of the section is considered a 
separate unit in which appropriate N, S, E, or W 
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letters are assigned, depending on whether the excess 

land is north, south, east, or. west of the 

square-mile unit. For example, well number B-22-16E 

O7AAD designates the well as being in the SEl1/4, 

NE1/4, NE1/4 of the eastern unit of sec. 7, T 22N, R 

l6w. " 

Data for a single well site will appear on more than one 
consecutive line in either of the following situations: a) 
multiple water level or discharge/drawdown measurements are 
available; or b) Geo/Resource Consultants field measurements 
contradict data from other sources. When more than one line 
occurs for a single site, the site number is printed on the 
first line, and then the site number column is left blank for 
the additional lines. 


Date Drilled 

I Indicates well was incomplete as of date shown. "I" 
wells are included in this table only when there is 
some indication that the well has, in fact, been 
drilled, such as a water level oor discharge 
measurement provided by the reporting agency. The 
reporting agency for all "I" wells is the Arizona 
Department of Water Resources. 


Well Depth 


H Horizontal well 


Water Use 
C Commercial 
H Domestic 
I Irrigation 
N Industrial 
P Public Supply 
S Stock 
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U Unused 

W Wildlife 

Z Other 
Water Level 


The letter after the water level column indicates the 
status of the site at the time of measurement. If no letter 
appears, the measured water level represents the true static 
level at the site in feet below land surface. 

Site Status 
D Dry 
DD Destroyed 
Flowing 
Obstruction, could not measure 
Pumping 


F 
O 
P 
R Recently pumped 
S Nearby pumping 
X Water level affected by stage in nearby surface 
water site 
Other 
? Water-level measurement was reported, and status at 


time of measurement is unknown. 


Date of GRC Observation 

Entry indicates the date the site was field-checked by 
Geo/Resource Consultants. The letter after the date indicates 
the status of the site at the time of the field-check. Site 
status symbols are explained above. 


Water Quality Tested by GRC 

A "Yes" or =-"No" entry indicates whether or not 
Geo/Resource Consultants collected a water sample from the site 
for laboratory analysis. A blank entry indicates that 
Geo/Resource Consultants did not field check the site. 
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Produci F bi 

The entry indicates either the producing formation of the 
well or spring or, in the case of a dry hole, the formation in 
which the hole bottomed out. The symbols used correspond to 
geologic units which are described in more detail in the legend 
to the Geologic Map. The symbols are briefly described below. 


Alluv Includes younger alluvium (Qal), intermediate 
alluvium (QTs) and older alluvium (Ts) 
Tv Younger volcanics 
Br Bedrock, including older volcanics and 
Precambriam igneous and metamorphic rocks 
DCs Paleozoic sedimentary rocks 
The entries in the producing formation column for wells 
are based upon driller's logs, where available. Otherwise the 
entries are based upon interpretations from available well data 
including well location, depth, discharge rate and water level 
in relation to wells of known producing formation. The sources 
indicated in the data sources column do not necessarily apply 
to the producing formation. 
The entries in the producing formation column for springs 
are based upon direct field observations. 


Data Sources 

USGS U.S. Geological Survey computerized data base for 
Arizona well data, obtained from the U.S.G.S., 
Phoenix Subdistrict office, Phoenix, Arizona. 

ADWR Arizona Department of Water Resources computerized 
data base for Arizona well data, obtained from 
the Arizona State Lands Department, Division of 
Water Resourcs, Phoenix, Arizona. 


Geo/Resource Consultants 
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R Remick, W. H., 1981, "Map Showing Ground-Water 
Conditions in the Hualapai Basin Area, Mohave, 
Coconino and Yavapai Counties, Arizona--1980", 
Ariz. Dept. of Water Resources, Hydrologic Map 
Series Rept. No. 4. 

A question mark following the "R" 
indicates that Remick visited one of two 
or three adjacent wells, but the exact 
well visited is not known. 

ABM Arizona Bureau of Mines: Pierce, H. Wesley, and 
James R. Scurlock, 1972, "Arizona Well 
Information", Ariz. Bureau of Mines Bull. 185. 
(NOTE: The new name for the Arizona Bureau of 
Mines is now the Arizona Bureau of Geology and 
Mineral Technology). 

GRC Geo/Resource Consultants field investigation: The 
"GRC" data source designation corresponds 
exactly with all the sites for which BLM well 
schedule forms were filled out by Geo/Resource 
Consultants during the field investigation. 
"GRC" as a data source includes data measured 
directly in the field, as well as data reported 
by drillers, well owners or other local 
individuals. The exact source of reported data 
is specified (i-e., "DR", "OWN", "OTH"), in 
addition to "GRC", only when water level or 
discharge/drawdown measurements are involved. 


DR Driller's Report 
OWN Well owner 
OTH Reporting source for water level or discharge/ 


drawdown other than the driller or well owner. 
Other reporting sources include the water user, 
a consultant, or some other local individual. 
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B-21-17 O2CCB 
B-23-15 13CCB 
B-24-14 24CAA 
B-24-18 33BBA 
B-25-21 02CCB 
B-25=-21 23CCC 
B-26-18 31BDB 
B-26-19 20ACD 
B-26-21 36DDD 
B-27-15 15AAC 
B-27-15 27BCA 
B-27-19 11ADB 
B-28-17 24BCC 


B-30-22 13ADA 


Water Altitude 
Site No.  _Use_ 


S&W 


Table A-1: SPRING DATA--DETRITAL AND HUALAPAI BASINS 


3765 
3833 
3915 
n24e2 
4271 
4257 
3750 
3288 
3364 
4555 
3844 
4275 
4140 


3215 
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Discharge Measured Quality 
(by GRC) 


22.0 


0.4 


<0.1 
2.1 
2.3 

<0.1 
0.5 
0.08 
0.2 
0.3 


oe) 


Date Water 
Tested 

5/7/82 Yes 
4/17/82 Yes 
4/15/82 No 
3/16/82 No 
4/3/82 Yes 
3/27/82 Yes 
5/4/82 Yes 
4/4/82 Yes 
4/3/82 No 
4/16/82 Yes 
4/16/82 Yes 
3/20/82 Yes 
4/22/82 Yes 
3/19/82 No 


Producing Owner or 
Formation er ee 
Tv == 


Br (granite gneiss) BLM 
Br a 
Br (granite gneiss) BLM 
Br (granite gneiss) one 


Br (granite gneiss) Lake Mohave 
Ranchos Water Co. 
Br (vesicular BLM 
andesite) 
== BLM 


DCs (quartz vein in BLM 
bedded limestone) 
Br (granite gneiss) BLM 


Br (Older Voleanics/ -- 
granite gneiss contact) 
Br Carson Water Co. 


Br (schist/granite BLM 
gneiss contact) 


Pace A=-7 
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B-20-15 O6CCB 
B-20-15 20AAB 


20CCA 
pene 


06C 
6 O6DAC 
6 10AAC 
B-20-16 12ABB 


B-20-16 12ACA 
B-20-16 12ACB 
B-20-16 12ACC 
B=21-14 Babee 
B=-21-14 29CCC 
B=-21-14 31CCC1 
B=-21-14 31C0CC2 
B=21-14 31CCC 
B=21-14 31CCC 
B-21-14 32BBA 
B-21-15 19DAB 
B-21-15 20CAB 
B-21-15 20CAD 
B-21-15 26BDD 
B-21-15 26CAD1 
B-21-15 26CAD2 
B-21-15 28BCA1 
B-21-15 28BCA2 
B-21-15 28BDB 
21-15 29AAA 
B-21-15 33BBB 
B-21-15 36CD 
B-21-16 O6CBB 
B-21-16 14CDD 
B=-21-16 17DCA 


8-51-16 S35BE 


Table A-2: WELL DATA--DETRITAL AND HUALAPAI BASINS 
ALTITUDE 


1951 


1963 


03/ /19TT 


08/01/1979 
1965 
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WELL 
DEPTH 


165 
785 


CASING OF 
DIAMETER WATER SURFACE 
(INCHES) _USE (FEET) _ 


ito tas 
’ it 


Co On1i1i a Anan) oO DAAAGO 


NmNaGHhn NNnann PA ALA A e3 cacant Sharad pie mnnnm CcmmmN 


tT 


LAND 


WATER 
LEVEL 


720. 00 
15. 50 


2T 
70.00 
93. 74 


60.00 


60.00 
2.07 
0.00 
0 
0.00 


Ooo 


ov 


DATE 
WATER 
LEVEL 


1964 
03/18/80 


1964 
05/14/52 


1963 
12/28/77 
0 


2/26/79 
12/23/TT 


03/ ~ /80 
03/05/80 


03/05/80 
04/0 ie 
03/0 /80 
03/05/80 


DATE OF 
GRC 
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ALTITUDE DATE 
WELL CASING OF LAND WATER WATER DATE OF 
DEPTH DIAMETER WATER SURFACE LEVEL LEVEL GRC 
SITE NUMBER DATE DRILLED (FEET) INCHES) _USE (FEET) _ (FEET) 
B-21-16 24BDA = 85 8 S 3980 71.30 03/11/80 = 
B-21-16 24CAA1 a 86 8 U 042 24.50 03/11/80 == 
B-21-16 24CAA2 ee o a U 4000 es 03/11/80 -- 
B-21-16 24CDA = = 6 U 4190 26.00 03/11/80 == 
B-21-16 24DCC aa — = U 4227 16.20 03/11/80 == 
B-21-16 29BBD 1954 500 == S 600 290.00 1964. Sse 
B-21-16 35AD a 23 — S 500 212.00 1964 =e 
B-21-16 35CBC1 = 15 = S 4300 60. 1964 =e 
B-21-16 35CBC2 an 90 = S 4300 se ae se 
B-21-17 O1BAA 04/20/1977 300 6 a so ITO 04/20/77 == 
B-21-17 01CAB = 503 = P 3400 115.00 12/ /63 = 
B-21-17 01CCB = — = C 3560 154.60 03/11/80 == 
B-21-17 01DBC 06/28/1977 350 ] — ==) tt 00/28/ l Be 
B-21-17 O2CCD = 0 1 U 3760 2.60 07/20/ 05/07/1982 DD 
B-21-17 O3CDA1 = 385 ae U 3930 51.20 08/13/43 == 
B-21-17 03CDA2 — 175 = U 3924.7 45.20 05/20/43 == 
B-21-17 O3cDA3 1943 187 aa U 3923.2 47 48 07/18/43, == 
B-21-17 03CDA 194 129 14 U 3906-5 79.95 10/10/79 -- 
eee 140 16 — -- 56.1 05/07/82 05/07/82 
B-21-17 03DDB 1943 750 16 U 3833.9 30.9 12/10/54 == 
B-21-17 10DDC 06/26/197 90 6 H 3670 5.00 06/26/7 -- 
= we = = es 42.9 O47 /82 05/07/82 0 

B-21-17 11CCA a 140 at s 3620 50.00 04/27/78 a 
B-21-17 11CCC 1979 100 4 = a 50 979 = 
B-21-17 11DAA 1999 990 10 H 3625 -- -~ “- 
B-21-17 13DBB 196 518 - H 3530 303.00 01/ /66 -- 
B-21-17 14AAC 07/07/1972 150 6 a =~ *¢20 07/07/72. -= 
B-21-17 14BA — te a= H a 3.95 12/10/51 == 
B-21-17 14BAB 01/23/1980 160 6 Ee nt 10 01/23/80 = 
B-21-17 14BCC fa ua = ee 3522 14.00 04/27/78 == 

03/01/1978 100 6 = a 55 2 03/01/78 == 
B-21-17 14BD 1942 300 10 U ee eed = -- 
B-21-17 14CCB oe eal co H 3508 8.00 04/27/78 === 
B-21-17 15BCC oe 250 -- -- 3760 -~ -- -- 
B-21-11 19BAB aa 600 = U 3070 105.00 1964 | = 
B-21-17 23AAC 1957 250 _ H 3387 180.00 1957 Baa 
B21 23451 a 260 i H 338 190.00 12/ 76 -- 
B=21-17 23ABC2 a 360 oe H 3386 225.00 03/ /64 = 
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QUALITY (GAL/MIN) 
TESTED AND DATE DRAWDOWN PRODUCING 
BY GRC MEASURED _(FEET) FORMATION OURC NER_OR USE SITE NUMBER 
m= 0.78 = -- -- USGS, R = B-21-16 24BDA 
ome 0.78 = -- ~- USGS -- B-21-16 24CAA1 
aie aa oo -- -- USGS -- B-21-16 24CAA2 
-- = me o= om USGS == B-21-16 24DCC 
om 25 — = -- USGS == B-21-16 29BBD 
-- -00 ad = “= USGS == B-21-16 35AD 
eS fora — -- me USGS -- B=-21=-16 35CBC1 
il io a ~= -- USGS -- B-21-16 35CBC2 
on ms rte — -- DR Short B-21-17 O1BAA 
me 300 an =< Alluv USGS == B=-21-17 01CAB 
oo ee re -- == USGS, R =< B-21-17 01CCB 
-- ~- -- == Alluv DR Larson B-21-17 01DBC 
NO =< 7 == Tv USGS,GRC ~~ Besta iy 02CCD 
sein i an -- -- USGS =e B-21=-17 O3CDA1 
een 183 ae a —_ USGS -- B-21-17 O3CDA 
ae cee aes —_ -- USGS == B=-21-17 O3CDA 
NO “< om -~ Tv GRC a= 
a cos nee -- a= USGS == B=-21-17 O3DDB 
ms a ae a= -- USGS == B-21-17 10DDC 
YES 30 05/07/82 ~~ Tv GRC, OWN Lawrence 
-- os a= a Tv USGS -- B-21-17 11CCA 
-- 20 1979 oo Tv DR McCall B-21-17 11CCC 
oe -- -- -- -- USGS “= B-21-17 11DAA 
ve 3 -- -- == USGS = B-21-17 nee 
-- a= —_ =a -- DR Leonard B-21-17 14AAC 
ee Ta ae a -- USGS om B-21-17 14BA 
ae — a -- Tv DR Bond B-21-17 14BAB 
ee, oo nie -- Tv USGS -< B-21-17 14BCC 
-- -- -- -- = DR Ware 
-- -- -- il Tv USGS on B-21-17 14CCB 
mos 300 ee ome ae USGS ~= B-21-17 15BCC 
oie 0.5 aad a ae USGS == B=-21-17 19BAB 
ies 19 ceed a -- USGS == B-21-17 23AAC 
as -- -- — USGS -- B-21-17 23ABC1 
-- 10 -- ~ ~— USGS -- B=-21-17 23ABC2 
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SITE NUMBER DATE DRILLED 


B-21-17 
Be 


B-21-17 
B-21-1 
B-21-1 


B-21-17 
B-21-1 


23ADB1 
3ADB2 
23BBB 


23BCD 
24BCA 


NM 


24CAD 


24CCA 
24CCB 


24CDD2 
24DCA 


35BBC3 
35 BBC4 
35BD 
35C 

32 CBD 
5CBD 


~~ 49322 
01/23/1977 


1956 
12/28/1978 


1920 


ad aed od 
Wri0v1wo 
no 
OonN 


1948 


1963 


WwW WOwWWWWOW WWW 
aQ AQAN ES ONO 
WA ANNWOW O00 


wo 
A 7 
A 
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WELL 
DEPTH 
(FEET) 


161 
181 
300 
355 
300 
165 
135 
160 
178 
232 
120 
357 
200 


460 
100 


oy 
Oo 


168 


= 
oo 
on 


ak oak onl 
WO OUIN AAOO 
oo 


_ 
DAmMOW WU 


—"s 


ALTITUDE 


CASING OF LAND 
DIAMETER WATER SURFACE 
(INCHES) _USE_ 

— U 3400 
6 H 3400 
8 H 3455 
10 ae = 
8 = 3391 
6 H 3400 
ae a 3355 
cr U 3350 
= P 3330 
—- a 3345 
oe H 3328 
os H 3338 
12 U 3340 
12 P 3335 
ae P 3332 
= a 3335 
8 c 3397 
oe C 3330 
8 H 3385 
as H 3090 
= areas tag 
48 H 3080 
10 == 3060 
8 ces 3040 
6 U 3050 
6 H 3040 
8 U ae 
8 I a 
8 I ee 
6 H ae 
24 N 3150 
ce oe 
s H 3080 


oO 
em6° e 
wo o 
=O WODDO COIMUO DNOO 


DAOVNVVI OC —M 
SUuOWwW LS WoO fh 
e 


om WONno— ool 


Oo — 


WAN ADED AANAO 
OMowo UWUNVIWO 
OOUW 


08/14/44 
05/ /65 
12/ /64 
11/15/64 
10/01/64 
06/21/32 
1920 
08/14744 
1948 
08/1474 
03/163 
05/03/7 
02/18/52 
02/15/52 
07/14/77 
03/02/79 


02/15/52 
02/15/52 


ONUVAN AAA 
=NMPN AAA 


DATE OF 
GRC 


05/07/82 P 
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WATER DISCHARGE 

QUALITY GAL/MIN) 

TESTED D DATE DRAWDOWN PRODUCING 
_(FEET) FORMATION 


DATA SOURCES OWNER OR USER SITE NUMBER 
ait wae o= -- == USGS — B-21-17 23ADB1 
ooo 12 — ~= -- USGS == B-21-17 23ADB2 
i sae ~= -- == USGS == B-21-17 23BBB 
YES 10 -~ me Tv GRC Barkhurst 
aed 45 ~= -= -- USGS -- B-21-17 23BCD 
Bees en ake —— on USGS — B-21-17 24BCA 
ol == -- oe Alluv(?), Tv DR Brazie 
— o at a oe USGS -- B-21-17 24CAD 
-- we “= -- =~ USGS se B-21-17 24CBB 
-- 175 oe “= “= USGS -- B-21-17 24CBC 
al 2 Eee — pe USGS owe B-21-17 24CCA 
-- 105 “- yy -- USGS mee B-21-17 24CDA 
== 150 es ae od USGS == B-21-17 24CDD1 
fii a ee — -- USGS ee B-21-17 24CDD2 
ee eee ie a -- USGS an B=-21-17 24DCA 
a a a ee oe USGS a= B-21=17 24DDC 
— ow — -- wee USGS == B-21=-17 25AAA 
-- oe ae noes oe USGS “= B=-21-17 34ACA 
m= =e os — ~= USGS -- B=-21-17 34B 
-~ ~- — we == USGS == B=-21-17 34BBB 
aah ee eee _— Alluv USGS Ss B=-21-17 34DAD 
al oo =a -- Alluv USGS =< B=21-17 34DCA 
and coe — -- Alluv(? DR Cunningham B-21-17 35BBC1 
-- a me “— Alluv(? DR Cunningham B-21-17 35BBC2 
-- “= me -- Alluv(? DR Cunningham B-21-17 35BBC3 
a pe <a oe Alluv(?) DR Cunningham B-21-17 35BBCH 
at aa a oe a USGS oe B-21-17 35BD 
— aie ome eons -— USGS -- B-21-1 CBD 
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SITE NUMBER 


B-21-17 35CCB 
B-22-13 O9ABC 


B-22-13 13AAD 


B-22-13 24AC 
B-22-14 10DCB 


B-22-14 19ADA 
B-22-14 19ADB 
B-22-14 22AAA 
B-22-14 22ABB 
B-22-14 23BCC 


B-22-14 30ABD 
B-22-14 en 
2DDA1 
12DDA2 
Be-22-15 12DDC 


B-22=-15 24 ADC 
B-22-15 24DAB 
B-22-15 33DAD 


B-o5-18 diDcC 


B-22-16 03CBB 


B-22-16E07ADD 
B-22-16E07DAA 
B=22-16 15CCC 
B-22-16E19BAA 


B-22-16 26BAC 
B-22-16 27DDD 


B=-22-16 28ACC 
B-22-16 28BAD1 


B-22-16 28BAD2 


1944 


03/ /1980 
08/06/1979 
1957 


04/7 /1965 


10/  /197 


o4/ /1982 
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WELL 
DEPTH 


90 
174 
600 
127 
162 

16 
200 


CA 


SING OF 
DIAMETER WATER SURFACE 
(INCHES) _USE 


U 
S 


S 


Im ac nnn cnuaxmrs NONNG 


Gurviz  wWH~ICG 


ALTITUDE 


LAND 


3065 
3872 


4320 
4821 


4265 
4260 


4821 


WATER 


LEVEL 
(FEET) 


66.22 
494.00 
496 


449.00 


128.00 


DATE 
WATER 
LEVEL 


02/15/52 
02/27/52 
1980 


04/24/80 
01/ /57 


02/29/80 


02/29/80 
02/29/80 


01/26/65 
04/29/65 

1980 
02/29/80 
02/29/80 


03/18/80 
1/13/82 


0 
10/ /77 
03704784 
03/04/80 
02/07/67 

1980 


01/22/80 
05/01/82 


DATE OF 
GRC 


04/14/82 
04/14/82 


Er 
P 
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‘WATER DISCHARGE 


QUALITY (GAL/MIN) 
TESTED AND DATE DRAWDOWN PRODUCING 
BY GRC MEASURED _(FEET) FORMATION DATA SOURCES OWNER OR USER SITE NUMBER 
aid a vee 2 ee USGS = B-21-17 35CCB 
a 6.6 5/19/80 a= = USGS oa B-22-13 O9ABC 
YES 13 4/14/82 a Alluv GRC X Bar 1 Ranch Corp. 
as) ca ~ = = USGS, R B-22-13 13AAD 
YES 18.2 4/14/82 = or GRC X Bar 1 Ranch Corp. 
ae, 30 08/06/79 -- Br DR BLM StNGG London Well) B-22-13 24 AC 
a =o = 7s a USGS, R a B-22-14 10DCB 
= = mae a_i a USGS =e B-22-14 22AAA 
a wr = = — USGS os B-22-14 22ABB 
ee =e == ae USGS os B-22-14 23BCC 
a 1.0 a a a USGS ee B-22-14 30ABD 
= 15 ae = a USGS mo B-22-14 30CBA 
ce. a Sam = oo USGS, R = B-22-15 12DDA1 
a 9 ane a = USGS, R a B-22-15 12DDA2 
— 0.0 “ = — USGS, R = B-22-15 12DDC 
~a =e — ee a USGS = B-22-15 24ADC 
= 3-0 <a as ans USGS ae B-22-15 24DAB 
— 1 = 243 Alluv USGS =o B-22=15 33DAD 
e 2 nts a ws USGS, R = B-22-15 35BDB 
— = “<: ae, Alluv USGS, R — B-22-16 01DCC 
-- a ane oe Alluv USGS, R = B-22-16 03CBB 
-- —_ ars = a USGS’ es 
es 2 a ar Alluv, Tv USGS, R = B-22-16E07DAA 
-- 1575 3/04/80 146 Alluv USGS, R = B-22=16 15CCC 
ee — oe men Tv USGS, R - B-22-16E19BAA 
-~ 660 -- 51 Alluv USGS a B-22-16 26BAC 
~~ 700 3/19/80 = on USGS, R BS B-22-16 27DDD 
oe 500 o 22 Alluv USGS a=! B-22-16 28ACC 
a == == -- Alluv USGS, R ao B-22-16 28BAD1 
wate 201125905/17/82 640 Alluv GRC, OTH City of Kingman B-22-16 28BAD2 
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ALTITUDE DATE 


WELL CASING OF LAND WATER WATER DATE OF 
DEPTH DIAMETER WATER SURFACE LEVEL LEVEL GRC 

SITE NUMBER DATE DRILLED (FEET) AERET) 
B-22-16 3 BCD 01/01/1971 1008 16 P 3350 -~ “~ -- 
B-22-16 33CDC 1971 008 16 C 3385 =o we 
B-22-16 3 CBC 04/05/1978 1000 16 Fr 3332 621.00 03/0 3/80 o 
B-22-17 O1ADA 09/ /1978 480 8 U 3690 244.10 02/28/80 = 
B-22=-17 01DBB 06/ /1978 287 8 U She. 251.50 02/28/80 os 
B-22-17 O3ABA -- =< == U 4140 -- F 02/28/80 -- 
B-22-17 O4CBA “o ~- “= S 5000 -- -- “= 
B-22-17 O4CDC -~ 12 -- S 4900 8.00 1962 ~- 
B-22-17 O7CDC -- 250 N 3932 -- 03/15/82 P 
B-22-17 O7CDD 02/26/1982 210 N 3852 49.4 S 03/15/82 03/15/82 S 
B-22-17 O9ADD1 -- 289 -- S 4200 3208 12/30/64 =~ 
B=-22-17 OQ9ADD2 “eo 20 “= S 4200 -00 As “< 
B-22-17 O9BDC “= 60 ~~ S 4700 -00 12/30/64 -- 
B-22-17 10ABC 08/28/1979 205 2 S 4150 8 peer he ame 
B-22-17 11ABA 12/10/1977 120 U 3845 69.20 02/28/80 -- 
B-22-17 11CAA 09/12/1977 130 8 H Bop. “= ~= —- 

-- ~- -- >= 3840 27 1980 oe 
B-22-17 11DAB 06/ /1981 I 260 4 H ~- 200 me ~= 
B-22-17 12DDA i aahh 990 U 3581 -- -- —— 
B-22-17 14BD 08/ /1980 I 175 4 H -- 75 -— a 
B-22-17 14CBB 1968-70 255 10 -~ o“ -- =~ -- 
B-22-17 15DAB -- 50 -- H 3950 ~= “= == 
B-22-17 15DDC 1968-70 165 10 = -- -~ ~= -—— 
B-22-17 19CDA 10/12/1979 325 4 o— mm 260 10/12/79 —— 
B-22-17 22AAB1 -~ = 8 U 411 ~~ ~~ -- 
B-22-17 22AAB2 o= -- 8 U 411 7 — -- 
B-22-17 22AAB3 -- “~ 8 U 4125 id -~ -- 
Be22-17 3 /02/1979 175 2 -- -- 40 oes Se 
B-22-17 30CCC /15/1979 175 -- -- 120 /79 a 
B-22-17 31ABB1 -- 70 “= -- 3584 47.05 03/25/52 oo 
B-22-17 31ABB2 “= 30 -- -- 3584 27.35 04/15/69 -- 
B=22-17 33AC —e 46 ~- U 4327 36.00 05/20/43 = 
Be-22-17 33ADA = “em S 4500 50.00 -- -- 
B=-22-17 33DA ~~ 242 == 4303 53.00 05/20/43 — 
B=-22-17 34ACB 1974 275 10 “= 4180 100.00 12/10/51 -- 
B-22-17 34BDA 1941 286 12 4172 11.60 08/26/42 “= 
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WATER DISCHARGE 


QUALITY (GAL/MIN ) 

TESTED AND DATE DRAWDOWN PRODUCING 

BY GRC MEASURED _(FEET) FORMATION DATA SOURCES OWNER OR USER SITE NUMBER 
ae — -- =e -= USGS, R = B-22-16 33BCD 
ine — -- -- Alluv USGS -~ B-22-16 33CDC 
a A ae ae -- Alluv USGS, R -- B-22-16 34CBC 
= a == -- Br USGS, R -= B-22=17 O1ADA 
mae a= -- ad Alluv, Br USGS, R om B-22-17 01DBB 
ie a ~= -- == USGS, R =< B=-22-17 O3ABA 
aah ao a -- -- USGS “= B-22-17 O4CBA 
sue — oo -- <= USGS == B=22-17 O4CDC 
YES 20 “= oo -- GRC, OWN Amer. Internat. Mineral B-22-17 O7CDC 
YES == -- -- == GRC Amer. Internat. Mineral B-22-17 O7CDD 
ao 10 o= -- — USGS =- B-22-17 OQADD1 
coe 30 oo “= “= USGS =~ B-22-17 O9ADD2 
-- -- -- we Br USGS, DR “= B=22=-17 10ABC 
ane —_ =e -= Br USGS, R -- B-22=17 11ABA 
“= 15 ae == ~- ADWR Fawson B-22-17 11DAB 
-- =< -- on Alluv USGS, R ~- B-22-17 12DDA 
15 == 25 -- ADWR Riccardi B-22-17 14BD 
oo “ = a= -- DR Jordan B-22-17 14CBB 
fom en aoa ao -- USGS 7 om B-22-17 15DAB 
— is Sou on — DR Jordan B-22-17 15DDC 
-- -- — -- Br DR Grant B-22-17 1t9CDA 
tee = = ae: eet USGS, R (? -- B-22-17 22AAB1 
as ce eae = -- USGS, R (? =~ B-22-17 22AAB2 
on sae ae ee jack USGS, R (7?) -- B=-22-17 22AAB3 
“= oe =o -= Br DR Leibold B-22-17 30CA 
=~ = -- -- Br DR Sisson B-22=17 30CCC 
~ aioe a aa seas USGS _— B-22-17 31ABB1 
ae A ae a -- USGS “= B-22=17 31ABB2 
cone abe ps a -- USGS we B-22=17 33AC 
ait = ee o es USGS — B-22-17 33ADA 
ate = ae ae ee USGS ma B-22-17 33DA 
oe ve = = —— USGS =< B-22=17 3 ACB 
ie ee ae en mesh USGS mae B-22-17 34BDA 
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ALTITUDE DATE 


WELL CASING OF LAND WATER - WATER DATE OF 
DEPTH DIAMETER WATER SURFACE LEVEL LEVEL GRC 

SITE NUMBER DATE DRILLED (FEET) -CINCHES) (FEET) — (FEET) 
B-22-17 34DBC 12/. /1943 58 = U 3906 ~ on = 
B-22-17 34DCB _ ie ees S 075 2.98 1O/10/79 == 
B-22-17 34DCC ae, 2 a U 407 12.20 08/16/43 ee 
B-22-17 34DDC 1941 229 12 P 40 98.61 04/23/69 == 
B-22-18 O2AAA oe =a ae H 3660 17.48 03/25/52) ee 
B-22-18 O3AAD ma 700 18 U 3505  <700 03/16/82 03/16/82 O 
B-22-18 O5AAD 11/16/1968 2510 144 = 3330 ©: 1332.00 11/16/68 -= 

= A Si U Some 005 03/14/82 03/14/82 
B-22-18 O5DBC 01/22/1969 2437 9 N 3275 1220.00 01/22/69 == 

-<- — “= U -- >999 03/14/82 03/14/82 
B-22-18 12CAA = 50 a2. U 3700 coe a ee 
B-22-18 12CAB =2 ee ee S 3620 10.42 03/25/52 == 
B-22-18 12DAD = oy ae U 3800 21.04 04/14/52 ee 
B-22-19 O7ACBI1 <3 60 ed S 3530 ae = ~ 
B-22-19 O7ACB2 a 60 a Ee 530 50.74 02/27/79 == 
B-23-12 30CAB es aes 6 S 780 13.30 05/19/80 == 
B-23-12 30DDB me ie ae S 4842 nl oe = 
B-23-12 31BBC 1964 70 6 S 4.955 25.00 03/ fot ae 
B-23-13 02C = a = I 3800 30.34 03/05/52.—isi == 
B-23-13 O2CCA = 80 ra Es 3825 19.}2 02/05/52 == 
B-23-13 O02CCB ES 60 es os 3825 om a. des 
B-23-13 03AD as 120 ee P 3990 36.00 3 eS 
B-23-13 O3DAD = 90 a U 3825 14.70 03/21/80 -= 
B-23-13 10ABA -- 53 36 U 3779 27.20 01/29/80 _ 
B-23-13 10BBB z oe a P 3800 36.65 03/05/52. Bes 
B-23-13 10CA 1895 - = I 3775 31:70 03/06/52. gas 
B-23-13 10DBA = 42 — I 3770 12.50 02/29/44 == 
B-23-13 11BBB 02/ /1964 y 12 U 850 6.90 03/21/80 == 
Bu53-13 JODDD 067 1872 158 20 P 3735 eee 36Gks ae 
B-23-13 19CBB 01/ 71944 150 8 U 3595 36.90 01/19/44 == 
B-23-13 19CDD a ss 10 U 3657 128.20 01/247 60 a 
B-23-13 19DCB 01/ /1944 150 6 U 3628 51.30 01/22744 +e 

| se se a ie a 61 19 AO eee 
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WATER DISCHARGE 
QUALITY (GAL/MIN ) 
TESTED AND DATE DRAWDOWN PRODUCING 
BY GRC MEASURED (FEET) FORMATION 


DAT OURC NER_OR USE SITE NUMBER 
eas — —— -= -- USGS -- B-22-17 34DBC 
coos aaa on -- Tv USGS “= B-22-17 34DCB 
as as - oe ee USGS _ B-22-17 34DCC 
a a ee a “= USGS -- B-22-17 34DDC 
os ie aes —_— -- USGS =< B-22-18 O2AAA 

NO ae —— ae =a USGS, GRC -- B-22-18 O3AAD 
a ore cao -- USGS -- B-22-18 O5AAD 
NO me = me Alluv GRC El Paso Natural Gas 
aoe ote oa =e -- USGS = B-22-18 O5DBC 
NO -- = mo Alluv GRC El Paso Natural Gas 
ag es os — -- USGS a= B-22-18 12CAA 
a wed aE ska -- USGS ne B-22-18 12CAB 
eee ea lene ait -- USGS -- B-22-18 12DAD 
neo 2 -- =~ a USGS -~ B-22=-19 O7ACB1 
me 4 — -- -- USGS — B=-22=19 O7ACB2 
ane aie — cee nee USGS, R =a B-23-12 30CAB 
4 ae ae ae ie USGS, R ~= B-23-12 30DDB 
a 5.0 a == -- pet -- B-23-12 31BBC 
. <n a peu eles USGS —_ B=-23-13 02C 
a 700 _ y eae USGS = B-23-13 O2CCA 
a 225 sere ao -- USGS -- B-23-13 O2CCB 
-- -=< a -- ae USGS -~ B=-23-13 O3AD 
= a os eens Alluv USGS -- B-23-13 O3DAD 
-- aa = = Alluv USGS, R -- B-23-13 10ABA 
Ss = _ =s aos USGS — B-23-13 10BBB 
aa — ee = -- USGS -- B-23-13 10CA 
, 500 -- -- -- USGS =< B-23-13 10DBA 
-- 200 -- -- Alluv USGS ~- B-23-13 11BBB 
aa =o pa ara -- USGS -- B-23-13 16DDD 
ae oe ee oa -- USGS -- B-23-13 19CBB 
-- =~ =- -= Alluv tee -- B-23-13 19CDD 
-- -- -- = Alluv USGS a B-~23-13 19DCB 
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ALTITUDE DATE 
WELL CASING OF LAND WATER WATER DATE OF 
DEPTH DIAMETER WATER SURFACE LEVEL LEVEL GRC 

SITE NUMBER DATE DRILLED (FEET) INCHES) (FEET) (FEET) 
B-23-13 19DDA 1962 1072 16 U 3637 ome 05403703 == 
B-23-13 20CCD 02/12/1944 333 16 P 3643 52.40 03/037 40 -- 
B-23-1 21AAA1 05/ /19T2 16 P 3730 21.80 01/29/80 —_ 
B-23-13 21AAA2 05/ /1972 61 16 P 3732 = ii 2 
B-23-13 21AAA3 == -- 16 U 3727 == — — 
B-23-13 21CBD 1950 75 54 H 3700 52.99 05/06/65 os 
B-23-13 22BAB -- 30 -- I 3130 15.50 10/13/43 a 
B-23-13 22BBA1 01/ /1963 94 16 I 37 ; 20.10 02/26/80 -- 
B-23-13 22BBA2 == 12 16 I 373 20.69 R 04/15/82 04/15/82 R 
B-23-13 22BBB2 1972 mM 16 H om 14 = se 
B-23-13 22BBB3 1972 128 20 H -- 104 -= -- 
B-23-1 ae ae o= 20 U 888 5.00 02/26/80 -- 
B-23-13 27DAB -- 150 -- S 016 == ~= — 
B-23-13 29AAA1 09/ /1929 0 8 H 3672 ae 10/13/43 == 
B-23-13 29AAA2 04/03/1980 270 8 a -- 12 04/03/80 -- 
B-23-13 29AAB -- 70 3 H,S 3673 34-9 1979 04/14/82 
B-23-13 29AAD 04/06/1980 600 -- -- 360 04/06/80 -= 
B-23-13 29ABA 03/ /1980 270 8 H,S 3652 18.7 P 04/14/82 04/14/82 
B-23-13 29DBC1 10/. /1943 272 16 U 3704 134.50 11/12/43 oo 
B-23-13 29DBC2 12/. /1943 593 16 P 3704 133.90 12/23/43 -- 

-- -- -- -- -- 190 ? 1965 04/14/82 P 

-- -- -- -- -- 192 1980 -- | 
B-23-13 32ACA 01/29/1944 472 16 U 3768 194.78 02/29/44 -- 

oe ~a o= _ — 254 01/ Ae -- 

a ~= —_ _— mes 256 ORs 2t/ 0 -- 

-- -- -- -- -- 253.7 04/09/81 == 

= = —_ aon a 202-9 01/137 82 -- 

-- = -— -— -- 246 .08 04/14/82 04/14/82 
B-23-13 32DAA 11/ /1943 724 3 U 3791 259-65 Alera —— 
B-23-13 35CBD1 1963 125 — U 419 80.00 1963 -- 
B-23-13 35CBD2 ata = 8 U 4200 64.50 01/24/80 -= 
B-23-14 03ABB 10/ /1943 75 16 U wee ee ti woes -- 
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WATER DISCHARGE 


QUALITY (GAL/MIN ) 
TESTED AND DATE DRAWDOWN PRODUCING 
BY GRC MEASURED _(FEET) FORMATION T RC OWNER OR USER SITE NUMBER 
-- 204 =< -- Alluv pao -- B-23-13 19DDA 
-- 580 -- 80 -- USGS “= B-23-13 20CCD 
me me = -- Alluv USGS on B-23-13 21AAA1 
a= ere “— -- on USGS -- B-23-13 21AAA2 
mo “= “- =< = USGS == B-23-13 21AAA3 
oe ee =o a == USGS = B-23-13 21CBD 
we ~e me oe -= USGS “= B-23-13 22BAB 
-< 38 -= -- Alluv USGS, R “= B-23-13 22BBA1 
YES 200 04/15/82 46 Alluv GRC X Bar 1 Ranch Corp. B-23=-13 22BBA2 
-- ~~ -- == Alluv ADWR Neal B-23-13 22BBB2 
~~ ~— ~- = =- ADWR Neal B-23-13 22BBB3 
= = =~ -- -~ USGS, R =o B-23=-13 23CBB 
-- “= -- oe -- USGS, R — B-23-13 Ae 
-- 5.0 == -- Alluv c S -- B-23-13 29AAA1 
-- == “= -- Alluv DR X Bar 1 Ranch; Zaugg B-23-13 29AAA2 
NO 10 1979 0 Alluv GRC, OWN X Bar 1 Ranch Corp. B=-23-13 29AAB 
-- = -- “= Br DR X Bar 1 Ranch Corp. B-23-13 29AAD 
YES 30 1982 == Alluv GRC, OWN X Bar 1 Ranch Corp. B-23-13 29ABA 
oe a = oe = uscs ee B-23-13 29DBC1 
-- 360 12/07/43 90 ~~ USGS == B-23-13 29DBC2 
NO = “= ~< Alluv GRC, OWN Neal 
-- == -- “= o- USGS ~= B-23-13 32ACA 
-- -- => =- = OTH “= 
— — a cam ea a R aon 
-- -- -~ 7 -~ USGS o-- 
-- -- == == om USGS -= 
NO 200 -- -- Alluv GRC Neal 
“= -- -- -- Alluv eee -- B-23-13 32DAA 
-- 5.0 = -- -- USGS -- B-23-13 35CBD1 
-- -- -- -- -- USGS, R -- B-23-13 35CBD2 
-- -- = aS = USGS e B-23-14 03ABB 
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B-23-14 O3ACD 


B-23-14 O3ADC 
B-23-14 O3BBB 
B-23-14 13CCB1 
B-23-14 13CCB2 
B-23-14 13CCB 
B—23-14 13CCB 
B=-23-14 13CCB5 
B-23-14 13CCC1 
B-23-14 13CCC2 
B-23-14 13CCC3 
B-23-14 24BAB1 
B—23-14 24BAB2 
B—23-14 33DAD 
B-23-15 O4DDD 


B-23-15 O8CDA 
B-23-15 O8DDD 


B-23-15 24BB 
B-23-15 28CDD 
B-23-15 30CBB 


B-23-16E07BDA 
B-23-16 O9BCB 
B-23-16 O9BDA 
B-23-16 15BDB 
B-23-16 17ACD 


B-23-16 17CDA 
B-23-16 17DDA 
B-23-16 17DDC1 
B-23-16 17DDC2 
B=-23-16 21CDD 


03/ /1944 


O4/ 7/1919 
08/ /1925 
900 


09/  /1962 

1962 
06/ /1961 
09/25/1972 
05/ /1964 

1964 
09/05/1962 
O57 11917 
06/15/1973 


03/ /1978 
03/28/1960 
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WELL 
DEPTH 
(FEET) 


642 
491 


103 
89 


104 
1 


CASING 


8 


6 
16 
16 
16 
16 
T2 

6 

8 
20 


8 
16 


LS Se 


lwHnI Car cCccaea GCN 


tt trolw 
to § 


mmmIiac cncam G4 


ALTITUDE 
OF LAND 

DIAMETER WATER SURFACE 

(INCHES) _USE FEET) _ 


42 
342 


DANO 
VIN Sw oOo 


50 
-90 


Oem WHE FewWw UL 
=A Om oonnd ovuliw 
Meo OwWoO AwpNce 

a) 

oO 

oO 


=U 

Ow 
co 
e 
oO 


DD 


DATE 
WATER 
LEVEL 


04/24/65 
11/10/43 
80 


19 
04/15/82 
05/23/32 


1/ 
373 
3/3 
3/ 
3/4 


Onn N= 
WC DHUIVI=wol 
WON NKNKNONDS I 


05/ /6 
05/15/7 


03/12/80 
05/23/80 


DATE OF 
GRC 


04/15/82 
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WATER DISCHARGE 
QUALITY (GAL/MIN) 
TESTED AND DATE DRAWDOWN PRODUCING 
BY GRC MEASURED _(FEET) = FORMATION 


DATA RC NER_O S SITE NUMBER 
a —_ = -- -- USGS -- B-23-14 O3ACD 
et me ~= -- == poe =- B-23=-14 O3ADC 
NO m= n= -- Alluv GRC BLM 
one —a o~= -- ae USGS -- B-23-14 O3BBB 
ome 220 “= 0 “= USGS == B-23-14 13CCB1 
aos 35 = = oe USGS -- B-23-14 13CCB2 
-< 85 == -- oe USGS == B-23-14 13CCB 
~~ 25 oo -- Br USGS =~ B-23-14 13CCB 
‘aan 25 ~— =~ == USGS =o B-23-14 13CCB5 
ane ani =o ~-- -- USGS =~ B-23-14 13CCC2 
oo 50 -- 32 -- USGS ~~ B-23-14 24BAB1 
“= 100 =o 55 Alluv tees =< B-23-14 24BAB2 
aoe = — -- =~ USGS, R =< B-23-14 3 DAD 
-- 160 -- oo =< USGS =< B-23-15 DDD 
YES 128 5/6/82 = Alluv GRC Neal 
-- 1200 == 35 Alluv Da == B-23-15 O8CDA 
=~ 1000 -- 110 Alluv pet =< B-23-15 O8DDD 
— te aoe aed Alluv DR | Grounds B-23-15 24BB 
-- = -- — -- USGS =- B-23-15: 28CDD 
me == nee a Alluv USGS -- B-23-15 30CBB 
ood wee pots: = en USGS, R = B-23-16E07BDA 
-- “- -- -- Alluv USGS, R -- B-23-16 O9BCB 
oe aa — ae ae USGS, R om B-23-16 O9BDA 
-- 550 o 20 Alluv USGS, R =e B-23-16 15BDB 
aol sien ae ce — USGS, R — B-23-16 17ACD 
— 1.0 3/18/78 = Br USGS a B-23-16 17CDA 
-- -- -- —_ Br DR Leuser B-23-16 17DDA 
-- 2.0 3/22/78 -- Br USGS, R o B-23-16 17DDC1 
an 6 -- -- ~o ADWR Brown B-23-16 17DDC2 
-- 10 -- -- -- ADWR Gustafson B-23-16 21CDD 
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MELE AGATE 11s ioty HONE 
oe a B ) 7 
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Wear! 






SITE NUMBER 
B-23-17 O2BCC 
B-23-17 11BDA 
B-23-17 11CAA 
B-23-17 13ADB 
B-23-17 15ABB1 
B-23-17 15ABB2 
B-2 =}4 15 ABB3 
B-23-17 20BDD 
B-23-17 24ADD 
B=23-17 25DC 
B-23-17 28SAAB 
B-23-17 33DDB 
pacarh 35BDB 
B-23-18 O3ADB 
B-23-18 O3BCA 
B-23-18 O4AAC 
B—-23-18 O4ADA 
B-23-18 O4ADD 
B-23-18 O5BDC 
B-23-18 O6AAD 
B-23-18 O6ADB 
B-23-18 O9AAD 
B-23-18 OQABD 
B-23-18 O9BCC 
B-23-18 10DCC 
B-23-18 14AAC 
B-23-18 15ACB 
B-23-18 15BAA 
B-23-18 20AAA 
B-23-18 21BCB1 
B-23-18 21BCB2 
B-23-18 22 
B-23-18 23BCD 
B-23-18 27ADA 
B-23-18 32DAD1 


/1968 
/1973 


~ 1960 
1880 


1960 
05/22/1980 
1961 
1959 


oo 
ek 
SS 


~ 1966 
1958 


04/08/1969 
1965 


~ 1966 
06/16/1966 


1966 
06/15/1967 
08/20/1977 
09/ /1981 


09/ /1981 


08/12/1968 
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WELL 
DEPTH 
(FEET) 


CASING OF LAND 
DIAMETER WATER SURFACE 
(INCHES) 


IclwM ZANnNSM CGHhwv Vy CWECNSG BHCSG NGGGGS 


GSizniac eae 


ALTITUDE 


WATER 
LEVEL 


77.00 
33.25 
1225.00 


oo 


DATE 

WATER 

LEVEL 
03/12/80 


02/27/80 


02/27/80 
02/27/80 


19 
03/20/80 
02/27/80 

1964 
05/23/80 
03/ /65 


03/_ /65 
02/07/79 
02/06/79 
25/05/82 

1969 
10/  /65 
03/06/79 
10/_ /64 
06/18/66 
05/05/82 
05/ /66 
05/05/82 
05/05/82 
09/ /81 
05/05/82 
03/ /63 
03/06/79 
08/12/68 


DATE OF 
GRC 


05/05/82 
05/05/82 


05/05/82 
05/05/82 
05/05/82 
05/05/82 


05/05/82 


03/14/82 


DD 


0 
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WATER DISCHARGE 


QUALITY (GAL/MIN) 
TESTED AND DATE DRAWDOWN PRODUCING 
BY GRC MEASURED § _(FEET) FORMATION DATA SOURCES OWNER OR USER SITE NUMBER 
aon en! a= -- o USGS, R == B-23-17 O2BCC 
eae amet _— -- -- USGS, R 23 -— “Hf 11BDA 
on a oom -- -- USGS == B-23-17 15ABB1 
=a 2 — -- m= ADWR Neal B-23=-17 25DC 
a 3.0 -- oe ae USGS = B-23-17 33DDB 
— a -- -- Alluv, Br USGS, R ~— eaoat 35BDB 
aes 15 se es -- USGS -- B-23-18 O3BCA 
a 15 -- -- == USGS oe B-23-18 O4AAC 
ane 15 os — -- USGS == B-23-18 O4ADA 
oo 15 —_ 10 se USGS vee B-23-18 O4ADD 
NO = a om Alluv USGS, GRC oo B-23-18 O5BDC 
YES — a mo oe GRC = B-23-18 O6AAD 
NO o- ane ae Alluv GRC, DR Collins B-23-18 O6ADB 
ee 1 = — zo usGs = B-23-18 OQAAD 
-- 5 —_ -- USGS a= B-23-18 O9ABD 
oe —~ -- ae Alluv USGS om B-23-18 O9BCC 
oe oe am ao -- USGS =< B-23-18 10DCC 
== a == we USGS ae B-23-18 14AAC 
= 100 a 59 = USGS ~= B-23-18 15ACB 
NO ~e -- -- Br GRC El Paso Natural Gas 
ae 70 = op oe USGS ~e B-23-18 15BAA 
YES ore ~~ -- Br GRC El Paso Natural Gas 
NO -- -- -= Br GRC BLM (Tennessee Wash Well) B-23-18 20AAA 
NO == -- ~- Br GRC, OWN Melbourn B-23-18 21BCB1 
NO -- -- -- Br GRC Melbourn B-23-18 21BCB2 
ae 5 == a Br USGS = B-23-18 23BCD 
coal 3 -- -- -- USGS -- B-23-18 27ADA 
en 150 a vy weed USGS = B-23-18 32DAD1 
NO -- ~- == Alluv GRC El Paso Natural Gas 
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ALTITUDE DATE 


WELL CASING OF LAND WATER WATER DATE OF 
DEPTH DIAMETER WATER SURFACE LEVEL LEVEL GRC 
SITE NUMBER DATE DRILLED (FEET) (INCHES) _USE (FEET) 
B-23-18 32DAD2 aa = 16 U 3378 a — 03/14/82 Oo 
B-23-18 33CBC 1968 1357 aoe U 3380 as ani BSE 
B-23-18 34ADC 1965 = = U 3576 240.00 05/765. ase 
B-23-18 34BDD 1967 320 U 46.00 11/29/67 . pa= 
B-23-18 35CCC 1973 170 12 N 3530 65.00 08/01/73. == 
B-23-18 3 DCC = 56 14 U 36 16 25.6 03/16/82 03/16/82 
B-23-18 30BAD ee 400 co S 3850 40.00 01/.-/65 fee 
B-23-19 10ACA a 80 64 U 3369 -- D 05/04/82 05/04/82 D 
B-23-19 12ACD 838 8 U 3543 -- D 05/04/82 05/04/82 D 
B-23-19 16CC 09/14/1979 300 =— U 3530 oe" 200/aH/79 - axe 
B-23-20 11CBA cai 69 8 U 3389 -~-D 05/03/82 05/03/82 D 
B-23-20 12DBA a a 12 U 348 ee — 05/03/82 0 
B-24-12 17ACB Ea ae a z 261 178-70 04/21/80 == 
B-24-12 17CBC ae 440 = U 4255 146. 5 07/2 153 a: 
B-24-12 17CDD on “ 8 S yoo 149.40 04/21/80 == 
B-24-12 19ABB ae = pa S 4215 122.30 04/21/80 == 
B-24-13 34ADD1 aa en Be U 3885 a =e 
B-24-13 34ADD2 — 6 H 3885 55.60 03/24/80 < 
B-24-13 35B1 077 11919 101 16 N a 2°00 O77 19 Bee 
B-24-13 35B2 08/27/1920 62 16 N ae 12.00 0 127720 — 
B-24-1 35DCB 11/ /1962 ~—- 184 12 I,H 3927 8.20 03/24/80 es 
B-24—1 CCA o 577 ae b 3299 322.00 03/19/80 == 
BDH 1h SBCAD 1943 705 16 U 3353 500.12 10/12/43 pee 
fh eo oe —_ ee 542.3 03/19/80 ine 
= a = — es 5371 04/09/81 == 
= =a = = a 5H4.5 01/13/82 == 
oe Za < es = 52.9 0/15/82 04/15/82 
B-24-14 29AAA 07/ /1944 700 16 U 3318 592.60 o7/ 147 44 a 
=o es a es — >603 04/15/82 04/15/82 
B-24-14 29ACB 03/01/1944 949 5 U 3325 564.90 03/19/80 == 
B-24-14 33ADA 06/ /1944 560 16 U 3375 521.55 04/29/65 == 
B-24-15 11AAA 01/7/1963 492 2h U 3135 ey OS, 1788 es 
ee = tee = pee tee ae 
Bene Sonu | OpRoovioea aya = =. ey 08/0873 - 
B-24-15 33BBB 02/ ~/1973 1100 16 U- 3020 514.10 OTe hs ae 
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WATER DISCHARGE 
QUALITY (GAL/MIN) 
TESTED AND DATE 
BY GRC MEASURED 


NO -- oe 


NO -- -- 
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DRAWDOWN 
(FEET) _ 


PRODUCING 
FORMATION 


Alluv 
Alluv 


Alluv 


DATA SOURCES. OWNER OR USER 


GRC 
USGS 
GRC 


uscs 


OWN 


El Paso Natural Gas 
Wilcox 


Duvall Corp. 
Hamilton 

Morrison 

BLM (Sugarloaf Well) 


X Bar 1 Ranch Corp. 


X Bar 1 Ranch Corp. 


W.F. Cattle 
W.F. Cattle 


ae 
33CB 


35CCC 


35DCC 
B-23-18 ; BAD 
OACA 
B=-23-19 12ACD 
B-23-19 16CC 


B-23-20 11CBA 
B-23=-20 12DBA 
B=-24-12 17ACB 
B=-24-12 17CBC 


B-24-12 17CDD 


B-24-12 10ABB 
B-24-13 34ADD1 
B-24-13 34ADD2 
B-24-13 35B1 
B-24-13 35B2 


B-24-13 35DCB 
B=-24—1 
B-24—-14 28CAD 


-18 

18 

18 34ADC 
B-23-18 34BDD 

18 

18 


B-24-14 29AAA 


B-24-14 29ACB 
B-24-14 33ADA 
B-24-15 11AAA 
B-24-15 32ACA 
B-24-15 32BBD 
B-24-15 33BBB 
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ALTITUDE DATE 
WELL CASING OF LAND WATER WATER DATE OF 
DEPTH DIAMETER WATER SURFACE LEVEL LEVEL GRC 
SITE NUMBER DATE DRILLED (FEET) INCHES) _USE_ (FEET) (FEET) 
B-24-16 01DDD 1965 -- -- I,H 2961 peers 04/28/65 =< 
-- ~- -~ == “= 449.5 01/28/80 -- 
-- -- -- -- -- nea 05/09/81 -- 
a -- = “= -- 451.7 01/13/82 -- 
B-24-16 11DDD 08/22/1974 595 16 U 2938 430.90 02/28/80 -- 
B-24-16 17CCC 1981 520 -- -- -- -- D -- “= 
B—24-16W19CDD = -~ 8 U athe -- -- -— 
B-24-16 33BAB 1980 580 8 U 3185 -- D 04/24/82 04/24/82 D 
24-17 10CBD -- 100 -- S 3550 25.00 12/  /64 -- 
B-24-17 10CCA 1948 313 8 H,S 3490 200 1981 -- 
B-24-17 10CCB -- 30 -- H 3390 25.00 12/  /64 -- 
1881 -- 54 =~ -- 5 1981 -- 
B-24-17 14CDD1 -- 40 8 rs) 3437 30.00 12/ /64 -- 
1946 280 -- =< == 55 Wate -- 
B-24-17 14CDD2 -- 40 8 U 3440 10.60 02/27/80 -- 
B-24-17 17CCC -- 70 -- S 3900 20.00 12/  /64 -- 
B-24—1 oo ak -- 400 -- U 3 45 112.50 03/12/80 -- 
B=-24—1 TAA 09/22/1979 80 6 -- 50 32 09/22/79 -- 
B=24-18 32CAC -- -- -- H R2 0 -- -- 03/16/82 P 
B-24-18 33BBA -- -- -- U 242 -- -- 03/16/82 O 
B—24-18 34CAA1 01/10/1970 350 6 -- 4y2h2 303 01/10/70 -- 
B-24-18 34CAA2 O7/ /1981 I 550 -- H = 280 -- -- 
B-24-18 34CAB 05/14/1975 350 6 P 4260 ee oe ere — 
B-24-19 O8AAD -- 50 60 U 3150 -- D 02/03/62 05/03/82 D 
B-24-21 10DDA -- ad 6 U 3835 13.28 05/03/82 05/03/82 
B-24-21 10DDB ~- -- 10 Ss 875 22.58 P 05/03/82 05/03/82 P 
B-24-21 11CCD1 “= -- S 3808 -- -- 05/03/82 P 
B=-24-21 11CCD2 = 120 U pees 58.72 oar 05/03/82 
B-25=-12 36ACB 01/ yeh 855 10 U 590 gon 0 04/23/80 -- 
B-25-13 35DC 01/26/1980 150 8 -- 4780 -00 01/26/80 -- 
B-25-13 36CAC -- -- Te U 46 80 .00 X 05/20/80 -- 
B-25-14 15BAB 01/1 Wale 03 05 H,S 3965 156.60 09/24/80 04/22/82 0 
B-25-16 30CDA 10/11/1961 00 U 2945 Aegao? OEE -- 
B-25-17 17BAD Nid- 7-7 196T 220 10 Ss 3159 th .20 03/20/80 -- 
B-25-17 17DBD RI7 = /B 907 220 10 S,H =< 70 tie oe a 
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Seathuens? erucgemaen ~ = 


WATER DISCHARGE 
QUALITY (GAL/MIN) 
TESTED AND DATE 
BY GRC MEASURED 

2a 800 a 

“NO ee He 

"NO es Oinmat=— 

at 3-0 —_ 

NO tir 

—— 1 cU oo 
NO 5 —— 

a LO = 

nas ra ° 0 

-= 25 122/79 
NO 5.0 71676 3 
NO ee 

me 30. 60 

“NO re aa 
NO Ee: 

YES 4. 5/3/82 
NO 128 373785 
NO se ae 

aS 60 — 

-- 30 1/26/80 

YES 30. 1/13/79 

<i 10. 114/  /67 

on 10 11/ /67 
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DRAWDOWN 
(FEET) 


PRODUCING 
FORMATION 


Alluv 


Alluv 


Alluv 


DATA SOURCES OWNER OR USER SITE NUMBER 
re -~ B-24-16 O1DDD 
USGS a= 
USGS == 
USGS, R aa B-24-16 11DDD 
ADWR Bozzo Boerne 1 Sep 
USGS, R “= B-24—~16W19CDD 
GRC Chapman, Canyon Ranch B-24-16 33B 
USGS, R (?) = B-24-17 10CBD 
GRC Neal B=-24-17 10CCA 
uscs, R (7) ses B~24-17 10CCB 
GRC, OWN Neal 
usc$ a B-24-17 14CDD1 
GRC, OW Neal 
uscs, R isa B-24-17 14CDD2 
USGS == B-24-17 17CCC 
USGS, R aa B-2i-17 35CAB 
DR BLM (Calico Peak Well) B-24-18 21AA 
USGS, GRC == B-24-18 32CAC 
GRC -- B-24-18 33BBA 
DR BLM B-24-18 34CAA1 
ADWR Chloride Water B-24-18 34CAA2 
USGS a= B-24-18 34CAB 
DR Chloride Water Corp. 

GRC Hamilton B=-24-19.O8AAD 
GRC Hamilton B-24-21 10DDA 
GRC Hamilton B-24-21 10DDB 
GRC Hamilton B-24=21 11CCD1 
GRC Hamilton B-24-21 11CCD2 
USGS, R -— B-25-12 36ACB 
USGS BLM (Section 35 Well) B-25-13 35DC 
USGS, — B-25-13 36CAC 
USGS, R, GRC Tesari B-25-14 15BAB 
ee ae B-25-16 30CDA 
USGS, R = B-25-17 17BAD 
ADWR, DR Neal B-25-17 17DBD 
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ALTITUDE ATE 
WELL CASING OF LAND WATER WATER DATE OF 
DEPTH DIAMETER WATER SURFACE LEVEL RC 
SITE NUMBER DATE DRILLED (FEET) (FEET) _ 
B-25-19 01BAB 02/23/1972 600 8 P 3430 410 R  10/ /81 04/21/82 P 
B-25-19 01BDA 02/19/19 8 525 6 H 34h4 398.8 03/ /68 03/31/82 P 
B-25-19 03CCC 05/24/1978 715 6 H 3122 588 07/  /81 03/31/82 P 
B-25-19 11CBD 01/28/1978 700 6 H 3277 615 01/ 118 03/31/82 P 
B-25-19 17CDD 05/30/1967 : 8 H 3020 770.00 05/ /67 -- 
oe 840 9 U Bana ae ae 04/21/82 
B-25-19 29DCB 1981 436 12 U 3063 -- D 04/04/82 04/04/82 D 
B-25-19 30AAA 04/03/1966 = 6 H 3000 765.00 O4/ 1488 aren eam 
B-25-19 30BAD 05/23/1966 25 8 U 2954 >b70 04/047 2 04/04/82 
B-25-19 30BBA 1966 = 12 H 2950 705.00 05/  /66 a 
B-25-19 31AAA 11/26/1973 880 8 U 3017 790 04/04/82 O 
B-25-20 15AAA 1960 1100 8 Ss 2815 599 ? oo 03/31/82 P 
B-25-20 15DAD ma. 730 7 H 2859 629 ? mae 03/31/82 P 
B-25-21 O3ABA ma st ots Ss 425 .8 P 04/03/82 04/03/82 P 
B-25-21 26BAB <a 457 7.5 U 4131 30.2 03/27/82 03/27/82 
B-25-21 27ABA 1981 254 48 U 4397 29.6 03/27/82 03/27/82 
B-25-21 35DAB 1979 180 8 S a7 119 ? 1 03/27/82 P 
B-25-22 29DDD 1961 ou 12 P 80 87.00 1 ii: 
B-25-22 31DCD = a — I Se a a = 
B-25-22 33CCC 1963 = 8 P 800 175.00 01/ /63 a= 
B-26-14 O9CDB 1968 480 6 s 5650 won a 04/11/82 DD 
B-26-14 16BAB = i { Ss 540 = 04/12/82 O,R 
B-26-14 27DBC -- 300(7) Ss 512 160 (7?) 04/12/82 04/12/82 
B-26-14 30CCB ee 100 8 5 4o41 35 02/13/80 arhidiaae 
B-26-14 36DAC mae = 7 U 4995 10.1. 04/12/82 04/12/82 
B-26-15 23CDB 12/. /1967 180 10 S, a 60 12/. /67 -- 
B-26-15 23DAB 1971 400 10 Ss 3783 241.00 ee ab 
B-26-15 23DAC 1971 400 10 Ss 3783 241.00 or 04/17/82 P 
B-26-15 24CBD Es as a oso«489IT Sane ue 3 
-- 7 es = =< — 04/17/82 DD 
B-26-15 25DDA 03/  /1981 I 200 5 H ce 68 o a 
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DISCHARGE 
(GAL/MIN ) 
AND DATE 
MEASURED 


53 4/21/82 
40-59(?) 3/31/82 


YES coed == 


Esl 
15 


NO 3 = 
YES Ea x= 
NO ne Rk 


2 e 0 — 
YES oe eos 


-- omeetes 6/67 
~8 4/17/82 
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DRAWDOWN 
(FEET) 


142 
0(?) 
0 


60 


G 


PRODUCIN 
FORMATION 


ON 


Alluv 
Alluv 
Alluv 
Alluv 


Alluv 
Alluv 
Alluv 
Alluv 


Alluv 
Alluv 


Alluv 
Alluv 
Br 
Br 


Br 


DATA SOURCES OWNER OR USER 
GRC, OWN Mt. Tipton Water Co. 
GRC, OWN Sandberg, Larange, Smith 
GRC, OWN Bates 
GRC, OWN Knox 
usc 
GRC McKellar, Troemper 
GRC os 
USGS “= 
GRC, OWN Windolf 
GRC Billman 
USGS -- 

GRC, DR Cooper 

GRC, OWN Gustafson 

GRC, OWN De Coopman 

GRC B 

GRC BLM (Coyote Well) 
GRC Ishom 

GRC, OWN BLM, Sloan 
sc&, ae 

USGS, we 
USGS, “= 

USGS, GRC BLM 

GRC BLM 

GRC BLM 

USGS, R == 

GRC Neal 

GRC BLM 

DR Neal 

USGS -- 

Ue GRC Neal 

USGS, R == 

GRC Neal 

ADWR Neal 


B-25-1 


B-25-19 30BAD 
B—-25-19 30BBA 
B-25-19 31AAA 


15AAA 


B=25-21 
B-25-21 
B-25-22 31DCD 
B-25-22 33CCC 
B-26-14 O9CDB 
B-26-14 10BAB 
B-26-14 ‘27DBC 
B-26-14 30CCB 
B-26-14 36DAC 
B-26-15 23CDB 
B-26-15 23DAB 
B=26-15 23DAC 
B=-26-15 24CBD 


B-26-15 25DDA 


NM 
WU) 
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ALTITUDE DATE 


WELL CASING OF LAND WATER WATER DATE OF 
DEPTH DIAMETER WATER SURFACE LEVEL LEVEL GRC 

SITE NUMBER DATE DRILLED (FEET) (INCHES) _USE FEET) #§ {FEET) 

-16 22CC O7/ /1970 5994 ~= a 2805 = ~~ -- 
B-26-16 26C -= 2.5 -- 283 - —— i 
B-26-16 28DDC 1958 2135 4 = 281 apd aren 
B-26-16 29BBB 50 16 U 2778 282.30 03/20/80 — 
B-26-16 29DDD we 710 16 U 2804 305.50 R 03/20/80 -- 
B-26-16 30DDD 1958 2608 4 -- 2788 Sepp —— — 
B-26-17 19DCD 1971 185 8 Ss 3200 alt Ooo enia so 
B-26-17 23BBC1 1980 600 -- -- -- -- -- -- 
B-26-17 23CCC 10/. /1957 700 14 2762 261.80 Eee -- 
B-26-17 25BBB 1980 600 —_ ne -= 
B-26-17 27ACA 10/  /1956 613 U 2782 03/25/80 on 
B-26-17 35AAA 1957 800 iS 2768 Deere = 
B-26-18 01BDB 1978 THO 8 H 3302 03/19/80 -- 
B-26-18 O3AAA1 a 705 6 H 3300 OU — 
B—26-18 O3AAA2 10/19/1977 665 6 H 3307 10/19/77 -- 
B-26-18 O5DBB 08/ /1978 700 6 H 3540 03/20/80 -= 
B-26-18 11DDD 1969 15 8 U 3660 03/04/80 ~= 
B-26-18 17ABA -- 691 y H 3560 -- 
B-26-18 24DAC ~n mead 8 U 3570 03/06/80 -- 
B-26-18 31BDB1 07/14/1962 356 8 Pp 3690 1967 05/04/82 R,O 
B-26-18 31BDB2 05/01/1972 14 2 P ) 05/04/82 05/04/82 
B-26-18 3 TBD ieee i 8 H 3135 — Sa 
B-26-19 O2BAD a 35 — U 3980 01/ /65 =~ 

-= = 8 S 3980 a 04/21/82 P 
B-26-19 O3ACD ae 76 8. U 3949 04/21/82 04/21/82 
B-26-19 25AAC se beet 150 8 H 3525 08/09/77 05/04/82 O 
B-26-19 ~= 6 H 3440 -4 
B-26-19 32D 09/037 1966 480 8 P 3357 09/03/66 04/21/82 P 
B-26-1 33ccB 06/20/1978 500 i P 3363 0 /20/78 04/21/82 P 
B-26-20 31BBD ae U 320 04/03/82 DD 
B-26-21 15ADA 09/05/1980 4o5 7 U 3009 04/02/82 04/02/82 D 
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‘WATER DISCHARGE 
QUALITY GAL/MIN) 
TESTED D DATE 
BY GRC 

~~. 2200 s 

So aee A500 az 

es 8.0 5/21/80 

-- 16 3/20/80 

me 7 e 0 1 0/ cit 

“NO 20 ” 1982 

NO 25 Es 
os 4.958 
YES 5 4/21/82 
YES n° Ee 
YES =m oa 

eg 90 un 
YES 100 1982 
YES 83 1982 
NO 2.0 9/05/80 


Geo/Resource Consultants 


DRAWDOWN 
_(FEET) 


PRODUCING 
FORMATION 


DATA SOURCES OWNER OR USER SITE NUMBER 
ABM El Paso Natural Gas B-26-16 22CC 
USGS me B-26-16 26C 
USGS, AB Kerr-McGee B-26-16 28DDC 
USGS, R — B-26-16 29BBB 
USGS, R -- B-26-16 29DDD 
USGS, ABM Kerr-McGee B-26-16 30DDD 
pages =- B-26-17 19DCD 
ADWR Carson Water Co. B-26-17 23BBC1 
pee =o B-26=-17 23CCC 
ADWR Carson Water Co. B-26-17 25BBB 
USGS, R == B-26-17 27ACA 
ie -— B-26-17 35AAA 
USGS, R = B-26-18 01BDB 
USGS, R -- B-26-18 O3AAA1 
USGS a 
USGS, DR Hunt B-26-18 03AAA2 
USGS, R == B-26-18 O5DBB 
USGS, R =e B-26-18 11DDD 
USGS, R a B-26-18 17ABA 
USGS, R =e B-26-18 24DAC 
GRC, OWN Lake Mohave Ranchos Water B-26-18 31BDB1 
GRC, OWN Lake Mohave Ranchos Water B-26-18 31BDB2 
uscs eee B-26-18 31BDC 
USGS a= B-26-19 O2BAD 
GRC BLM, Sloan 
GRC Sloan B-26-19 O3ACD 
GRC, DR Demattos B-26-19 25AAC 
USGS _ B-26-19 35AB 
GRC, DR, OWN Lake Mohave Ranchos Water B-26-19 35DDA 
GRC, DR, OWN Lake Mohave Ranchos Water B-26-19 36CCB 
GRC BLM B-26=-20 BT ea 
GRC, DR BLM (Mockingbird Well) B-26-21 15ADA 
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SITE NUMBER $DATE DRILLED 


B-26-21 
B-27-14 
B-27=15 

-15 


B-27-16 


B-27-16 
B-27-16 


B-27-17 
B-27-17 
B-27-17 


B-27-1 
B-27-1 


B-27-18 


B-27-19 
B-27-19 


B-27-19 
B-27-19 
B-27-19 


B-27-20 
B=27=21 


B-27-21 
B-27-21 
B-27-21 


26CCB 


O4CCA 
25DBD 


29CCD 
33BAA 


19CCA1 
19CCA2 
23CAC1 


23CAC2 
07CBD1 


O7CBD2 


11DDA 
12ACD 


16BBB 
20DCD 
35BDA 


” 1968 
1968 


1963 
Well do 3 
08/ /1965 
05/  /1973 


06/ /1973 
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ALTITUDE DATE 
WELL CASING OF LAND WATER WATER DATE OF 
DEPTH DIAMETER WATER . SURFACE LEVEL LEVEL GRC 
(FEET) CINCHES) (FEET) 
— -= S 3698 aeeu) 04/03/82 04/03/82 
TT2 6 U 5480 381.00 10/ /69 04/11/82 
Ey 6 U 5200 -- D 04/11/82 04/11/82 
63 8 U = 75.00 10/ /69 -- 
-- 8.5 -- -- e530! 04/23/82 04/23/82 
-- -- -- 3085 =e oo 04/16/82 
59 8 U 2758 -- D 03/25/80 =e 
500 8 U 2792 Spiga cae oo ~~ 
es U 3082 are a 
not existe There is only one well (19¢cR2) in this section. 05/06/82 
640 re 3082 03/06/80 05/06/82 
800 20 2765 38 . 80 02/13/80 04/24/82 
-- -- ae 05/ /73 -- 
610 20 U Slot 380 06/ /T3 -- 
65 6 U 4000 pone 1930 o- 
51 6.5 -- -- 33.1 S 04/24/82 04/24/82 
65 S 4000 35.00 1964 =~ 
-- ~- == =~ 52 1980 -- 
-- 7 == -= “= 04/24/82 
4 ) U Ae 6. 03/20/82 03/20/82 
5 -- S 4160 9.00 ? 1964 =o 
50 ~ -- -- 40.8 P 04/2782 04/24/82 
750 8 H 3640 630 01/25/64 03/21/82 
200 7 U 436 -- D 03/23/82 03/23/82 
100 -- S 020 65.00 == 
a 8 U od 46 .5 04/21/82 04/21/82 
615 6 N 2974 481.65 R 1980 03/21/82 
262 6.5 U 2491 -- D 03/30/82 03/30/82 
28. 4 U 3060 -- D 03/30/82 03/30/82 
105 4 U 304 95.75 03/30/82 03/30/82 
236 4 U 295 -- D 03/30/82 03/30/82 
i? 3 U 2416 -- D 03/30/82 03/30/82 
460 N 2418 400 19 03/24/82 


orn 


woo UD YY 
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DISCHARGE 
(GAL/MIN) 
AND DATE 
MEASURED 


3.0 


124.5 


5/21/80 
4/24/82 
5/21/80 
4/24/82 
3/21/82 


~ 1982 


DRAWDOWN 
E( FEET) 


PRODUCING 
FORMATION 


Br 


DATA SOURCES 


GRC 
USGS, GRC 
GRC 
USGS 
GRC 
USGS, GRC 


USGS 
USGS 
R 


USGS 


GRC 
USGS, R, GRC 
USGS, R, GRC 


GRC 
GRC, ADWR 


OWNER OR USER 
BLM 
Hualapai Indians 


Lincoln 
BLM 





Carson Water Co. 
Carson Water Co. 


Carson Water Co. 


Controlled by Sloan 


Brown 
BLM (Little Horse Well) 


BLM, Sloan 
Arizona Silver Inc. 
GWF Oil Corp. 


Kunkas 
Kunkas 
Kunkas 


Boulder City Aero; Tanner Co. 


B-26-21 
B-27-14 
B-27-15 
B-27-15 
B-27-16 


B-27-16 
B-27-16 


B-27-17 


B-27-1 
B-27-1 


B-27-1 
B-27-1 


B-27-18 


B-27-19 
B-27-19 


B-27-19 


B-27-19 


B-27-19 


B-27-20 
B-27-21 


B-27-21 
B-27-21 
B-27-21 
B-27-21 
B-27-21 
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19CCA1 
19CCA2 
23CAC1 


23CAC2 
07CBD1 
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12ACD 


16BBB 
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ALTITUDE DATE 


WELL CASING OF LAND WATER WATER DATE OF 
DEPTH DIAMETER WATER SURFACE LEVEL LEVEL GRC 

SITE NUMBER DATE DRILLED (FEET) INCHES) _USE. (FEET) — (FEET) MEASURED OBSERVATION 
B-27-21 24CDD 05/28/1973 464 8 H 2425 yo R 1976 03/30/82 _-R,O 
Boh a3t 25BAA 1952 470 6 H 2425 4 R 1980 03/30/82 P- 
B-27-21 25DDC 2. =3 Se H 2460 435.00 11/ 7/65. Boe 

se 400 10 S,H me ares eo 04/02/82 P 
B-2f-21 2 CBA = 74 a U 2650 67.9 04/02/82 04/02/82 
B-28-15 160BBB a eu aie s 5222 o = 04/11/82 R,O 
B-28-16 13CBC aa 150 a S 5683 65 07/ -/61e ea 
B-28-16 34BDB 1952 108 8 H 125 37.80 03/25/80 ae 
B-28-16 34CBA ai us 6 U’ 4070 23° Ro 03/25/80 -- 

se 110 a = 77.6 04/23/82 04/23/82 
B-28-17 23BAA 1971 300 S 3900 12.90 03/20/80 == 
B-28-17 23DDD 05/07/1969 110 14 U 3840 65.57 04/22/82 04/22/82 
B-28-17 31CCC 1959 800 ae U 3004 654.95 04/28/65 = 

= oe er ae — 654.1 05/27/81 = 

ame a os fa as 654.1 01/13/82 == 
B-28-19 01BB 10/15/1979 00 ae U 3750 oa ty) 10/15/79. ee 
B-28-19 16DAC ze 50 U 065 = Es 03/20/82 
B-28-19 25ABB 09/11/1980 375 6 U 4640 57 .60 09/25/80 == 
B-28-20 13BAA as 1740 7 U 3342 1120.5 ? 1972 03/21/82 0 
B-28-21 03ABB 1965 1300 aa N = =e a = 
B-28-21 03ABC 1965 750 ae om = oe a so 
B-28-21 20AAC 09/25/1980 385 1 S 2310 308 09/25/80 03/23/82 P 
B-28-21 26BBD 1981 500 10 N 2191 318.26 2 10/781 03/24/82 P 
B-29-15 O8ADD on a 8 U 4990 193.20 09/25/80 == 
B-29-15 O8BDB 12/15/1979 ae 8 U 4835 996 .20 09/25/80 = 
B-29-15 18ABA sa 528 8 U 4715 ca=D) 00/25/8008 == 
B-29-17 03DDB 11/15/1976 1365 8 a 3620 696.70 11/15/76 == 
B-29-17 23CCB 10/16/1963 +98 8 P 3885 935.00 10/16/63 == 

pe a me a i roe oe 04/23/82 
B-29-17 36DDA Sal ec 3% S 4492 ne F 04/23/82 ~=—-04/23/82 
B-29-18 01CCC os 550 8 U 2190 297.70 04/28/65 = 
B-29-19 20CCD “4980 1010 8 UU 3158 914? 1980 03/21/82 0 
B-29-21 35CCC 1965 250 4 S 1980 oh 17 1977. 03/19/82 R,O 
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WATER DISCHARGE 
QUALITY (GAL/MIN) 
TESTED AND DATE DRAWDOWN PRODUCING 
BY GRC MEASURED _(FEET) FORMATION DATA SOURCES OWNER OR USER SITE NUMBER 
NO 33°35 1982 0 Alluv GRC, OWN Fauth Brothers B-27-21 24CDD 
YES e 1982 0 Alluv GRC, OWN Kunkas B-27-21 25BAA 
wie a se a & = B-27-21 25DDC 
YES T 1982 0 Alluv GRC, OWN Sloan 
YES -- -- = Br C Kunkas Baoheee 29CBA 
YES = =: = ~~ GRC Hualapai Indians B-28-15 16BBB 
NO 10 ~- 0 =~ GRC, OWN Linclon B-28-16 13CBC 
oes 10 _ on ve uscs, R = B-28-16 34BDB 
NO “< oe “= -- GRC, OWN Lincoln 
-- -- -- wo -- uscs, = B-28-16 34CBA 
NO -~ =~ -- -- GRC BLM 
—* = ee we Br USGS, R ah B-28-17 23BAA 
NO = on = —— RC Carson Water Co. B-28-17 23DDD 
-- =~ =e ~~ Alluv ae == B-28-17 31CCC 
=~ -- o- = -- USGS -- 
=-- -- -- -- == USGS -- 
oe -- oe o- Br DR BLM (White Hills Well) B-28-19 01BB 
NO o= =< ~o ~- GRC Controlled by Sloan B-28-19 16DAC 
—~ -5 9/11/80 -< Alluv USGS, R BLM eeyarenae Well) B-28-19 25ABB -— 
NO 22 oe 17 -- GRC, OWN Controlled by Sloan B-28-20 13BAA 
== 22 ~- 400 ~= ADWR Goldfield Corp. B-28=-21 O3ABB 
~- ae a= wee “= ADWR Goldfield coy B-28-21 03ABC 
YES 100 -- “= Alluv GRC, DR, OWN BLM (Wheat Well) B-28-21 20AAC 
YES 29 1982 -- Alluv GRC, OTH Tanner Co. B-28-21 26BBD 
-- ~ = = = uscs, R re B-29-15 O8ADD 
“= -- -- -- DCs USGS, R, DR BLM (Grapevine Canyon Well) B-29-15 O8BDB 
-- - -- — = USGS, R — B-29-15 18ABA 
-— 335 11/15/76 “- =- USGS, R os B—29-17 O3DDB 
-— -= -- = -< USGS, R - B-29-17 23CCB 
YES 40 4/23/82 =~ Br GRC Lake Mead Land & Water 
-- 25 10/16/63 10 -< DR -- 
YES 2.6 4/23/82 == =< GRC - B-29-17 36DDA 
== o— -- ~- -= Pou R == B-29-18 01CCC 
Ng J+9 -~ 0 = GRC, OWN Sloan B-29-19 20CCD 
Y 2 -- - Alluv GRC, OWN Sloan B-29=-21 35CCC 
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APPENDIX B 
Water Quality Data Tables 
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Table B-1: WELLS--CONCENTRATIONS OF MAJOR IONS 
Samples Collected by GRC, 1982 


DEPTH SPECIFIC CONDUCTANCE 
DATE SAMPLED EMP (umhos) pH POTASSIUM CALCIUM MAGNESIUM SODIUM IRON 

SITE NUMBER SAMPLED (feet) (°C) FIELD LAB FIELD LAB (mg/1) (mg/1) (mg/1) (mg/l) (ug/1) 
B-21-17 10DDC1 5/ 7/82 80 22.0 570 560 7.6 lee 2.7 56 31 17 <9 
B-21-17 23BBB1 5/ 17/82 290 24.2 525 oOmate | on Sat 50 21 2 <9 
B-21-17 23BDB1 5/10/82 -- 23.6 615 620 123 ae 4-3 60 25 2 10 
B-22-13 9ABC1 4/14/82 ~= 25.8 R22 328 at 3 a 2 16 25 < 
B-22-13 13AAD1 4/14/82 -- 23.1 1865 1660— “7.3 ie 2.8 155 82 70 1 
B-22-17 7CDD1 3/15/82 175 22.1 1830 7900 . Ts2 Tod 6.5 160 70 140 1100 
B-22-17 7CDD2 oro) Be 70 20.0 2400 2460 7.4 7.5 6:7 170 110 230 2 
B-23-13 22BBA1 AVAL 25 16.5 45 805 7.4 hee 222 70 42 ; <9 
B-23-13 29ABA1 4/14/82 30 20.9 20 89 7.2 e 42 T2 1.8 6 <9 
B-23-15 4DDD1 5/ 6/82 585 29.2 490 70 “728 8.0 4.5 24 26 38 <9 
B-23-18 6AAD1 5/ 5/82 75 1-8 4975 5200 6.8 70 " 530 280 250 160 
B-23-18 15BAA1 5/ 5/82 55 18.2 3200 2900 9.0 728 4 240 110 280 
B-23-18 35DCC1 3/16/82 yy 18.5 5670 3200 {1 ee 6.3 470 120 120 11,000 
Memes) 1ICKA1 5/ 3/82 -- 31.4 3530 56 a a 1.3 28 4 34 <5 
B=-24-14 28CAD1 4/15/82 542 25.3 630 PA. e727 S.:4 ne 54 29 38 <9 
B-24-21 10DDB1 yy 3/82 30 26.4 1200 8 15 8.2 Bet 80 24 15 <9 
B-25-14 15BAB1 / 22/82 -- 1221. 2220 1920. 29.2 8.1 13 51 85 270 1 
B-25-19 1BAB1 4/21/82 412 29.2 450 37 {2 8.2 {7 31 19 23 <9 
B-25-19 1BDA1 3/31/82 515 20.4 487 4 5 8.4 .0 39 21 21 19 
B-25-19 3CCC1 3/31/82 700 30.3 434 421 ~=— 8.8 8.2 7.9 20 1 4g <9 
B-25-19 11CBD1 3/3 )/ 82 680 240) 481 466 = 8.8 8.5 13 25 20 37 11 
B-25-19 30AAA1 / 4/82 800 26 4 yoy 410 ~—s- 8.1 8. 3.5 35 42 29 <9 
B-25-20 15DAD1 3/31/82 720 1% 1 347 75 8.4 8.3 [3 31 10 2 150 
B-25-21 3ABA1 / 3/82 a 15.9 gy Gh ES 8. 3° 23 27 43 7 
B-25-21 27ABA1 3/27/82 38 16.5 1405 1480 8.5 79 st 142 29 150 77 
B-25-21 35DAB1 /27/82 170 15.9 920 50 ~=—s«8B..9 8.3 251 66 39 61 <9 
B-26-14 +2 BABI 17945785 —— +1.0 40 6 Tel 8.1 204 78 50 13 <9 
B=-26-14 30CCB1 4/17/82 40 23.8 2480 1860 7. 8.0 oof 79 51 290 60 
B-26-14 36DAC1 4/12/82 13 14. 68 655 en 8.1 hes 91 33 i <9 
B-26-15 23DAC1 4/17/82 ane 23.1 1890 150052 1-7 7.9 7.4 97 te 160 <9 
B-26-19 O2BAD1 4/21/82 3 10225-1700 1290 5 ave 2.6 110 80 51 < 
B-26-19 3ACD1 4/21/82 7 19.2 f 680 te in 4. 56 33 3 8 
B-26-19 25AAC1 5/ 4/82 140 20.3 141 1040 {36 2 3.5 84 50 ? <9 
B-26-19 35DDA1 4/21/82 330 28.2 390 375 c 8.3 a 18 10 4 <9 
B-26-19 36CCB1 4/21/82 348 a7 450 yuosCé#B 1 8.2 5.2 31 16 31 22 


mg/l = milligrams per liter = 
ug/l = micrograms per liter = 


— —. 


0-2 grams per liter 
0 grams per liter 
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Table B-1: WELLS--CONCENTRATIONS OF MAJOR IONS 
Samples Collected by GRC, 1982 


NITROGEN HARDNESS TOTAL 
(nitrate and NON- DISSOLVED 

BORON SILICA nitrite as N) PHOSPHORUS CHLORIDE FLUORIDE SULFATE CARBONATE CARBONATE SOLIDS 

SITE NUMBER (ug/l) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) 
B-21-17 10DDC1 ig 70 ane 0.03 ee 0.4 28 270 37 36 
B-21-17 23BBB1 0 50 : 0.02 29 0.5 22 210 11 2 
B-21-17 23BDB1 100 50 wl 0.02 a 0.6 34 200 53 03 
B-22-13 O9ABC1 70 32 ace <0.01 21 0.5 14 120 211 
B-22-13 13AAD1 150 28 Tigsk <0.01 330 035 130 720 410 1060 
B-22-17 O7CDD1 140 <Oo70 <0.01 200 Vee 480 690 450 1300 
B-22-17 O7CDD2 280 f 0.20 0.01 210 ate 680 880 480 1760 
B-23-13 22BBA1 170 4 0.21 <0.01 56 0. 4 350 28 489 
B-23-13 29ABA1 1380 48 -- o— 64 Sy 6 350 53 509 
B-23-15 O4DDD1 170 37 au 0.01 eu Dx 34 170 0 291 
B-23-18 O6AAD1 160 3.8 2.0 <0.01 1300 1.4 900 4y 2400 3200 
B-23-18 15BAA1 120 <1.9 Oo, 3 <0.01 330 Ost 1200 31 1000 2320 
B-23-18 35DCC1 160 39 <0.10 <0.01 70 Tee 1600 1700 1500 2790 
B-23-20 11CAA1 70 a 2.6 0.02 6 Roe 1 100 0.00 22 
B-24-14 28CAD1 130 36 3.8 <0.01 = 0. 39 250 4y 28 
B-24-21 10DDB1 260 ei 3.8 <0.01 cs 0.8 160 210 89 559 
B-25-14 15BAB1 ag 1 “= ~— 260 2.9 310 480 110 1200 
B-25-19 01BAB1 0 58 es =< 5 Oat 23 140 16 290 
B-25-19 01BDA1 90 45 == == 1 Det 31 180 64 315 
B=-25-19 03CCC1 200 63 me “= 23 0.7 21 95 0 296 
B-25-19 11CBD1 150 36 -- oe 8 nee 22 140 0.0 28 
B-25-19 30AAA1 on 39 = == 6 0. 28 140 ae 25 
B-25-20 15DAD1 0 4 = -- 26 Ans | 120 0 328 
B-25-21 3ABA1 100 30 -- ~A 23 0. 60 48 542 
B-25-21 27ABA1 490 35 -- -- 71 3.0 150 70 2350 1140 
B-25=21 35DAB1 290 30 -- -- 110 2.4 68 200 130 572 
B Se nih SoecR,  4OO i oe <0.02 208 59 Tue 40 i 1268 
B-26-14 36DAC1 60 me -- == 375 339 360 ye 448 
B-26-15 23DAC1 380 26 eet <0. 01 110 eek 430 540 250 1150 
B-26-19 O2BAD1 300 80 -- -- 120 1.4 86 600 210 875 
B-26-19 O3ACD1 140 29 -- oe 50 1.3 280 0 317 
B=26-19 25AAC1 90 60 -- -- 200 0.5 be 190 230 2 
B-26-19 35DDA1 100 42 —_ = 23 0.5 18 120 0 251 
B-26-19 36CCB1 110 48 -- =< 33 0.5 30 137 3 288 
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Table B-1: WELLS--CONCENTRATIONS OF MAJOR IONS 
Samples Collected by GRC, 1982 


DEPTH SPECIFIC CONDUCTANCE 
DATE SAMPLED TEMP (umhos) pH POTASSIUM CALCIUM MAGNESIUM SODIUM IRON 

SITE NUMBER SAMPLED (feet) (2C) IELD LAB FIELD LAB (mg/1) (mg/1) (mg/1) (mg/1) (ug/l) 
B-26-21 26CCB1 4/ 3/82 surf* 14.3 110 143 9.2 8.9 Soe 24 3.4 6.8 10 
B-27-18 O7CBD2 4/24/82 5° 19.2 1500 1190 ‘Lek Os 12 6 61 84 % 
B-27-19 11DDA1 /20/82 53 19.5 1310 820 Col hee oa 5 54 4 

B-27-19 12ACC1 /24/82 50 19.2 760 665 eg ys Gap 40 51 2 21 
B-27-19 35BAD1 4/21/82 62 ee 1510 1180 ies 8.4 4.5 70 66 EP 120 
B-27-20 14ADC1 3/21/82 600 24.7 1252 640 hog ra 4.7 34 2 9 12 
B-27-21 24BDC1 3/24/82 480 aoe 456 495 oh re He rd | 11 53 10 
B-27-21 25BAA1 Baan ee 464 19. 434 431 8.8 3.3 a 2 Sed 51 10 
B-27=-21 25DDC1 / 2/82 380 Cleat 439 453 8.8 8.5 44 1 9.3 59 10 
B-27=-21 29CBA1 4/ 2/82 Co 18.7 3943 3850 8.8 8.3 55 640 210 98 30 
B-28-15 16BBB1 4/11/82 -- [sei (3) 705 8.0 pee oe3 96 So 16 <9 
B-28-21 20AAC1 3/23/82 365 24. 5 582 8.5 8. Bef 20 8.4 87 <5 
B-28-21 26BBD1 we /82 235 26.4 578 605 oe he ao 42 iy 49 10 
B-29-17 23CCA1 / 23/82 950 25.8 395 390 8.0 él 4.4 14 1 42 <9 
B-29-17 36DDA1 4/23/82 -- F126 hee 690 lee Ef 4.2 83 20 40 7 
B-29-21 35CCC1 3/19/82 -- dad 1890 1020 9 4 lees ae 12 130 


* surf = ground surface 
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Table B-1: WELLS--CONCENTRATIONS OF MAJOR IONS 
Samples Collected by GRC, 1982 


NITROGEN HARDNESS TOTAL 
(nitrate an NON- DISSOLVED 

BORON SILICA nitrite as N) PHOSPHORUS CHLORIDE FLUORIDE SULFATE CARBONATE CARBONATE SOLIDS 

SITE NUMBER (ug/L) (mg/1) (mg/1) (mg/1) (mg/1) = (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) 
B-27-19 O7CBD1 320 41 ~~ ~—— 200 3.9 87 210 200 7152 
B-27-19 11DDA1 170 ie =< -- 45 045 42 360 IZ 514 
B-27-19 12ACC1 130 8 -- a 39 ese 27 280 30 42 
B-27-19 16BBB1 170 18 -— -- 32 15 45 150 0 29 
B-27-19 35BAD1 370 59 -- == 100 155 79 390 Be 739 
B-27=-20 14ADC1 230 31 7 -- 4g 1.9 22 180 0 3 3 
B-27=-21 24BDC1 100 26 ~ -- 40 1.0 4 110 3.0 29 
B-27=-21 25BAA1 100 28 oe -- Ste Ie 43 iT 0.0 272 
B-27=-21 25DDC1 100 29 ne -- 36 aid 44 = 0.0 278 
-21 29CBA1 300 10 == -- 34 tet 2400 2500 2200 3939 
B-28-15 16BBB1 20 28 -= = =f <0.1 25 380 94 1 
B-28-21 20AAC1 300 20 -- -- 3 1.8 100 85 0.0 364 
B-28-21 26BBD1 150 26 -= -< 2 0.8 92 170 55 379 
B-29-17 23CCA1 210 24 -- ~- 1 thier 11 160 0 229 
B-29-17 36DDA1 100 22 “= -- 56 3.0 54 290 170 383 
B-29=-21 35CCC1 380 16 =~ -- 7 1a) 290 180 110 47 
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Table B-2: WELLS--CONCENTRATIONS OF HEAVY METAL IONS 
Samples Collected by GRC, 1982 


DEPTH 
DATE SAMPLED TEMP ALUMINUM ANTIMONY ARSENIC BARIUM BERYLLIUM BISMUTH CADMIUM CHROMIUM COBALT COPPER 


P 
SITE NUMBER SAMPLED (feet) (°C) (ug/1) (ug/1) (ug/l) (ug/1) (ug/1) (ug/l) (ug/l) (ug/l) (ug/l) (ug/1) 
B-21=-17 10DDC1 5/. 7/82 80 ea <50 <30 2 10 <1 <1000 <1 <50 <5 <10 
B-21-1 oF OBB 5/ 7/82 290 24.2 <50 <30 4 30 <1 <1000 <1 <50 <5 <10 
B-21-17 23BDB1 5/10/82 “> 23.6 <50 <30 4 30 <1 <1000 1 <50 <5 <10 
B-22-17 7CDD1 3/15/82 175 aes -- == -- 24 <1 =e <1 ~~ <3 <10 
B-22-17 7CDD2 3/15/82 70 20.0 -- -- -- 34 4 == 5 -~ <9 <30 
B-23-18 6AAD1 5/ 5/82 i aes <50 50 <1 70 <1 <1000 5 <50 <5 <10 
B-23-18 15BAA1 5/ 5/82 By wee <50 <30 <1 30 <1 <1000 <1 <50 <5 <10 
B-23-18 35DCC1 3/16/82 18.5 -- -- —— 26 4 -- 5 -~ <9 <30 
B-23=-20 11CAA1 5/ 3/82 -- 31.4 <50 <30 10 30 <1 <1000 1 <50 <5 <10 
B-24-21 10DDB1 5/ 3/82 30 26.4 <50 <30 <1 30 <1 <1000 <1 <50 <5 <10 
B-25-21 3ABA1 4/ 3/82 -- 1.9 <50 <30 1 70 <1 <1000 <1 <50 ie <10 
B-25=-21 27ABA1 3/27/82 38 16.5 <50 <30 54 100 <1 <1000 <1 <50 <5 10 
B=-25-21 35DAB1 /27/82 170 15.9 <50 <30 T 70 <1 <1000 <1 <50 <5 <10 
B-26-21 26CCB1 063/62) surf. 1423 <50 <30 5 100 <1 <1000 <1 <50 <5 10 
B-27-21 24BDC1 3/24/82 480 29.7 <50 <30 “a. 70 <1 <1000 <1 <50 <5 <10 
B-27=-21 25BAA1 pours 464 19.8 <50 <30 10 70 <1 <1000 <1 <50 <5 <10 
B-27-21 25DDC1 / 2/82 380 efi <50 <30 8 30 <1 <1000 <1 <50 <5 <10 
B-27-21 29CBA1 4/ 2/82 ie 1 ef 70 50 2000 10 <1 <1000 3 <50 <5 10 
B-28-21 20AAC1 3/23/82 365 24. <50 <30 21 50 <1 <1000 <1 <50 <5 <10 
B-28-21 26BBD1 3/24/82 235 26.4 <50 <30 T 70 <1 <1000 <j <50 <5 <10 


ug/l = micrograms per liter = 1D grams per liter 
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Table B-2: WELLS--CONCENTRATIONS OF HEAVY METAL IONS 


Samples Collected by GRC, 1982 


SITE NUMBER GALLIUM GERMANIUM LEAD LITHIUM MANGANESE MOLYBDENUM NICKEL SILVER STRONTIUM TIN TITANIUM VANADIUM ZINC ZIRCONIU 
(ug/1) (ug/1) (ug/l) (ug/1) (ug/1) (ug/1) (ug/1) (ug/l) (ug/1) (ug/1) (ug/l) (ug/l) (ug/1) (ug/l) 


B-21-17 10DCC1 <30 70 <30 ff 10 <10 <50 <10 500 100 <5 <10 100 <5 
B-21-17 23BBB1 <30 50 <30 7 1 <10 <50 <10 500 100 <5 10 500 <5 
B-21-17 23BDB1 <30 70 <30 10 2 10 <50 <10 500 100 <5 10 100 <5 
B-22-17 7CDD1 -- -- <10 65 140 <10 -- -- 1500 ~- -- <6.0 800 -- 
B-22-17 O7CDD2 -- -- 60 50 21 <30 -- =-- 1100 -- -- 11 110 -- 
B-23-18 O6AAD1 50 500 <30 100 1000 10 <50 <10 7000 1000 10 <10 7000 <5 
B-23-18 15BAA1 <30 300 <30 30 700 <10 <50 <10 1000 700 7 <10 30 <5 
B-23-18 35DCC1 -- -- 50 59 150 220 -- -- 1600 -- -- <9 110 -- 
B-23-20 11CAA1 <30 <30 <30 30 1 10 <50 <10 300 70 <5 10 30 <5 
B-24-21 10DDB1 <30 70 <30 30 7 10 <50 <10 1000 100 <5 <10 100 <5 
B=-25-21 O3ABA1 30 100 <30 10 1 10 <50 <10 500 100 <5 <10 30 <5 
B-25-21 27ABA1 <30 70 <30 30 1 100 <50 <10 700 100 <5 100 30 <5 
B-25-21 35DAB1 <30 <30 <30 30 it 30 <50 <10 1000 300 <5 10 300 5 
B-26-21 26CCB1 <30 <30 <30 <5 1 <10 <50 <10 100 <50 <5 <10 10 <5 
B-27-21 24BDC1 <30 30 <30 50 <1 10 <50 <10 100 100 <5 10 10 <5 
B-27-21 25BAA1 <30 30 <30 50 3 10 <50 <10 300 100 <5 10 50 <5 
B-27=-21 25DDC1 <30 30 <30 50 i 10 <50 <10 100 50 <5 10 30 <5 
B-27-21 29CBA1 100 500 50 100 10 50 <50 <10 1000 1000 10 10 50 ao 
B-28-21 20AAC1 <30 30 <30 50 3 50 <50 <10 1000 100 <5 10 300 <5 
B-28-21 26BBD1 <30 70 <30 50 3 10 <50 <10 1000 100 <5 10 70 <5 
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Table B-3: WELLS--CONCENTRATIONS OF MAJOR IONS 


Samples Collected by Remick, 1981 
DISSOLVED SOLIDS 
(Calculated as sum 
SODIUM CALCIUM MAGNESIUM CHLORIDE BICARBONATE SULFATE of constituents) 


SITE NUMBER (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) 
B=-22-13 O9ABC 28 26 18 21 a5 10 218# 
B=-22=-16 15CCC 29 48 2 re 183 24 240 
B-22-16 27DDD 18 yy e 18 153 19 210 
B-22-16 28BAD aT 94 11 74 153 TT 330 
B-22-16 33BCD 30 yy 7 Zo 177 10 210 
B-23-13 19DDA 53 36 15 32 183 29 -= 
B-23-13 29DBC 40 70 27 i 281 34 462% 
B-23-16 O7BDA 41 132 23 142 Lit 53 620# 
B-23-17 35BDB 214 174 68 167 366 551 1099* 
B-24-16 O1DDD 51 26 28 92 159 24 328% 
B-26=-15 23DAC 129 60 44 103 195 259 dans 
B-26-18 01BDB 18 30 a3 46 165 34 337* 
B-26-18 0O3AAA1 32 22 21 35 Lie 38 289 
B-26-18 O5DBB 53 12 10 25 165 34 234% 
B-29-17 23CCB 41 18 18 14 189 14 238* 


* determined quantitatively as residue on evaporation at 180 degrees Centigrade 


mg/l = milligrams per liter = 103 grams per liter 
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Table B-4: WELLS--CONCENTRATIONS OF MAJOR IONS 


Compiled by Gillespie, Bentley, and Kam, 1966 


DEPTH 
DATE SAMPLED CALCIUM MAGNESIUM SODIUM IRON '- BORON NITRATE 

SITE NUMBER SAMPLED (Feet) (mg/1) (mg/1) (mg/1) (mg/l) (mg/l) (mg/1) 
B=-21-17 01CAB1 09/11/63 503 48 31 12 -- -- 9.0 
B-21-17 03DC3 11/10/64 186 45 26 11 ~~ -= 6.0 
B-21-17 24CBC1 11/10/64 ae 58 30 26 == -- T.0 
B-21-17 24CDA1 --/--/62 178 66 25 oo -- = 15 
B-21-17 24CDB1 11/10/64 ese 62 25 at -— -- 9.0 
B-21-17 24CDD2 11/10/64 -- 45 24 26 =~ -- 14 
B-22-15 33DAD1 06/10/65 1,220 15 5 83 ~o 0.26 ic 
B-22-16 28DBB1 01/09/64 1,000 29 19 30 -- “= 8.0 
B-22-18 12CAA1 07/08/64 120 122 47 116 -- -- aad 
B-23-13 19CBB1 11/10/64 150 30 32 42 0.9 -- 5.0 
B-23-13 19DDA1 11/10/64 1,030 40 17 47 == =~ 2.0 
B-24-13 20CCD1 11/10/64 355 50 33 45 -- ~ 8.0 
B-23-13 29DBC2 11/10/64 593 69 28 42 Oc2 ~~ 2.0 
B-23-15 O8DDD1 03/05/65 929 48 9 53 One —~ Te) 
B-23-18 03ADB1 --/--/62 145 200 84 moO -- a -~ 
B-23-18 03CBB1 --/--/62 104 200 34 225 -- -- 150 
B-28-17 31CCC1 06/10/65 800 3.0 ine 460 -~ 0.55 0.4 

mg/l = milligrams per liter = 1073 grams per liter 
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Table B-4: WELLS--CONCENTRATIONS OF MAJOR IONS 
Compiled by Gillespie, Bentley, and Kam, 1966 
HARDNESS TOTAL 


AS CALCIUM DISSOLVED 
CHLORIDE FLOURIDE SULFATE CARBONATE BICARBONATE CARBONATE SOLIDS 


SITE NUMBER (mg/1) (mg/1)  (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) 
B-21-17 01CAB1 6.0 0.4 12 0 180 250 358 
B-21-17 03DC3 15 0.4 10 0 204 220 322 
B-21-17 24CBC1 44 0.6 29 2 208 270 390 
B-21-17 24CDA1 48 0.8 31 -- -- 270 391 
B-21-17 24CDB1 51 1.0 28 12 200 260 422 
B-21-17 24CDD2 65 0.9 34 0 124 210 376 
B-22-15 33DAD1 30 182 38 0 176 58 302 
B-22-16 28DBB1 0.5 0.9 13 0 152 150 282 
B-22-18 12CAA1 88 1.1 295 0 390 499 1,058 
B-23-13 19CBB1 52 0.5 36 4 172 210 415 
B-23-13 19DDA1 46 0.5 26 10 174 168 358 
B-23-13 20CCD1 58 0.5 39 8 228 260 yyy 
B-23-13 29DBC2 66 0.4 37 12 240 290 486 
B-23-15 O8DDD1 57 127, 45 0 132 158 344 
B-23-18 03ADB1 50 2.2 475 -- -- 746 1,674 
B-23-18 O03CBB1 264 4207 460 =< ct 765 1,431 
B-28-17 31CCC1 528 1a 95 44 120 14 1,200 
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Table B-5: SPRINGS--CONCENTRATIONS OF MAJOR IONS 


Samples Collected by GRC, 1982 


SPECIFIC 
DEPTH * CONDUCTANCE 

DATE SAMPLED TEMP (umhos) pH POTASSIUM CALCIUM MAGNESIUM SODIUM IRON 
SITE NUMBER SAMPLED (feet) (°C) FIELD LAB FIELD LAB (mg/1) (mg/1) (mg/1) (mg/l) (ug/l) 
B-21-17 2CCB1 5/ 7/82 surf 22.6 485 ot 5 De 2t4 47 28 12 5 
B-23-15 13CCB1 4/17/82 surf 18.7 1400 1080 7.3 Let 3.9 108 44 65 2600 
B-25-21 2CCB1 4/ 3/82 ~=surf 15.9 1090 1000 =—7.3 8.0 2.3 142 33 56 7 
B-25-21 23CCC1 3/27/82 surf 20.9 398 499 10.3 9.0 15 52 9.6 24 57 
B-26-18 31BDB3 5/04/82 surf 20.9 440 425 7.9 7.9 Gel 40 18 18 <9 
B-26-19 20ACD1 4/ 4/82 ~~ surf 23.01 510 481 T20 8.4 ion 32 19 yy <9 
B-27-15 15AAC1 4/16/82 surf 15.4 690 668 8.0 8.2 2 56 52 16 <9 
B-27-15 27BCA1 4/16/82 surf 15.4 1880 1510" 8.3 8.2 9.7 135 88 110 <9 
B-27-19 11ADB1 3/20/82 surf 20.0 1500 Te0e eer 18 4,2 48 36 40 16 
B-28-17 24BCC1 4/22/82 surf 17.0 2200 1850 = 8.3 Se 9.5 99 91 200 <9 
B-30-22 13ADA1 3/19/82 surf 19.2 1545 800 8.3 8.3 12 87 27 42 21 


# surf = ground surface 
mg/l = milligrams per liter = 10°3 grams per liter 


ug/l = micrograms per liter = 10° grams per liter 
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Table B-5: SPRINGS--CONCENTRATIONS OF MAJOR IONS 


Samples Collected by GRC, 1982 


NITROGEN HARDNESS TOTAL 
(nitrate and NON- DISSOLVED 

BORON SILICA nitrite as N) PHOSPHORUS CHLORIDE FLUORIDE SULFATE CARBONATE CARBONATE SOLIDS 

SITE NUMBER (ug/l) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) 
B-21-17 2CCB1 70 66 oad 0.04 14 035 13 230 23 312 
B-23-15 13CCB1 110 26 <0.10 <0.02 120 263 160 440 230 680 
B-25-21 2CCB1 100 42 a -- h6 1,5 200 490 140 730 
B-25-21 23CCC1 130 11 -- <0.01 43 0.3 19 150 19 326 
B-26-18 31BDB3 70 51 -- ~- 32 0.5 26 170 34 290 
B-26-19 20ACD1 100 45 = “= 37 0.5 so 160 18 319 
B-27-15 15AAC1 90 13 hea <0.01 22 0.2 22 350 54 380 
B-27-15 27BCA1 310 39 0.14 <0.01 96 4.1 420 700 390 1130 
B-27-19 11ADB1 140 a5 == ed 33 0.6 34 270 Oy 407 
B-28-17 24BCC1 500 21 “= = 160 6.3 490 320 300 1290 
B-30-22 13ADA1 250 51 = -- 34 0.6 TL 330 48 498 
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Table B-6: SPRINGS--CONCENTRATIONS OF HEAVY METAL IONS 
Samples Collected by GRC, 1982 
DEPTH* 


DATE SAMPLED TEMP ALUMINUM ANTIMONY ARSENIC BARIUM BERYLLIUM BISMUTH CADMIUM CHROMIUM COBALT COPPER 
SITE NUMBER SAMPLED (feet) (°C) (ug/l) (ug/1) (ug/1) (ug/1) (ug/1) (ug/1) (ug/l) (ug/l) (ug/l) (ug/1) 


B=-21-17 2CCB1 See qrce. surt ae2c.6. <50 <30 2 10 <1 <1000 <1 <50 <5 <10 
B-25=21 2CCB1 H/73/02° surf 15.9 <50 <30 1 70 <1 <1000 <1 <50 <5 <10 
B=25=-21 23CCC1 3/27/82 surf 20.9 <50 <30 3 100 <1 <1000 1 <50 <5 <10 


SITE NUMBER GALLIUM GERMANIUM LEAD LITHIUM MANGANESE MOLYBDENUM NICKEL SILVER STRONTIUM TIN TITANIUM VANADIUM ZINC ZIRCONIUM 
ue eetug/1) (ug/l), (ug/1) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/1) (ug/1) (ug/l) (ug/1) (ug/1) 


B=-21-17 2CCB1 <30 70 <30 7 5 <10 <50 <10 300 100 <5 10 30 <5 
B=25-21 02CCB1 30 100 <30 30 1 10 <50 <10 1000 100 <5 <10 30 <2 
B-25=21 23CCC1 <30 <30 <30 7 100 30 <50 <10 300 <50 <2 <10 30 <5 


* surf = ground surface 


ug/l = micrograms per liter = 10° grams per liter 
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GEOLOGIC, WELL, AND SPRING SYMBOLS 


—__— SS 


Contact; dashed where approximately Il cated, 
queried where uncertain 


Fault; dashed where approximately located, dotted 
where concealed; U, upthrown side; D, downthrown side; 
arrow shows direction of dip 


-_ 


-_— Thrust fault; dashed where approximately 


war 
on located; barbs on upthrown side 
a 


Strike and dip of bedding 


and dip of foliation 


a Strike of horizontal foliation 


Strike and dip of jointing 


Well site listed in Well Data Table; numeral 
indicates number of wells at site (where more 
than one well is present) 


Spring site listed in Spring Data Table and 
field-checked by GRC 


Spring site not listed in Spring Data Table and 
not field-checked by GRC 








Yottonwe 


“AD 


Eee lAN TATION 


PLAYA DEPOSITS 


Unconsolidated silt and clay, exposed at Red Lake 
only. Low permeability; does not yield water to 
wells. 


HOLOCENE 


YOUNGER ALLUVIUM 


Stream and piedmont deposits consisting of poorly 
consolidated to unconsolidated silt, sand, gravel 
and boulders. High permeability; generally drained 
of water, except in mountain canyons where stream 
deposits yield small quantities of water to wells. 


QUATERNARY 


SCALE IN MILES 


PLEISTOCENE 
AND 
HOLOCENE 


INTERMEDIATE ALLUVIUM 4 


SCALE IN FEET 


Dissected alluvial fan and valley-fill deposits of 
mostly *luvial origin. Unit consists of weakly +o 
moderately consolidated silt, sand, gravel and 
boulders. Low to high permeability; generally drained 
of water, except in piedmont areas where unit yields 
moderate quantities of water to wells. 


MIOCENE 
PLIOCENE 


AND 
PLEISTOCENE 


TERTIARY 
AND 
QUATERNARY 


1 INCH = 10,560 FEET = 2 MILES 


OLDER ALLUVIUM 


Dissected alluvial fans and valley-fill deposits of 
fluvial and lacustrine origin. Unit consists of 
moderately consolidated clay, silt, sand, gravel and 
boulders; poorly consolidated tuff and agglomerate 
interbeds; and thick evaporite deposits. Correlates 
with the late Tertiary Muddy Creek Formation. Low to 
moderate permeability; principal aquifer in the valleys; 
yields moderate to large quantities of water to wells. 


YOUNGER VOLCANIC ROCKS 


Basalt flows, basaltic andesite flows and tuff, and 
rhyolite tuff and ignimbrite. Locally contain water 
in fractures, and in interbedded agglomerate, tuff 
and gravel; yields moderate quantities of water to 
wells at Kingman. 


MIOCENE 
AND 
MIOCENE 


OLIGOCENE (?) 


Oo 5000 10,000 20,000 30,000 40,000 50,000 


PALEOZOIC SEDIMENTARY RUCKS 


AN 


Devonian limestone underlain by Cambrian Tonto Group, 
which, in descending order, includes Mauv ee? 
Bright Angel Shale and Tapeats Seasons. Locally 
yields small quantities of water to wells and springs 
through fractures and solution channels. 


CAMBRI 
DEVONIA* 


BEDROCK 


Includes two major units. 


amorohic Rocks: 

S ce et nice gneiss and schist; also includes 
some small Cretaceous and Tertiary granitic intrusives. 
Locally yield small suantities of water to wells and 
springs threugh fractured and weathered zones. 


{2) Older Volcanic Rocks: 7 
Cretaceous (?) to Tertiary andesite and latite flows J 
and tuff; include Gold Road Latite.'’Locally may contain 
water in fractures and tuff beds; not known to yield 


significant volumes of water to wells. 
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Schematic East-West Geologic Cross—Section Through The 





Kingman Study Area 





Reference 


See Text 


Scales orig: lin=2ml Vert: lin=1000']4PPrved PY Tsp | Drawn by pea, 











West 





gaa Mountains Detrital Valley Cerbat Mountains Hualapai Valley 






PLAYA DEPOSITS 
ALLUVIUM 


YOUNGER 


a 
ee 
— 
oO 
<= 
o 
5 
> 
me} 
Cc 
o 
i 
oO 


USDM puD4 





Red Lake Sa 


Feet (~— 1000) 


in 


\=y> 

/ Se 
‘ ee ae S 
vi NX rn me 


@ 
oO 
Ce 
5 
- 
” 
a 
rr) 
gm 
Cc 
fo) 
N 
- 
o 
<= 


cS Ae dl | 
ime 
\ 


iar 


| 
_'h~N 
le | 


ae 
yr 


J/- 
—\ 
=| 

sel 


| 
orem 
eee f 
ae 
| 


Navies 
aN 


Ei 
4 as 


| 
GV 
| = 


~\ 


Sy 
—jL 
NSN 
f= 
Pe 


qi — 
f 
> \ 


Sea Level 


Ul UOIJDAaIZ 





INTERMEDIATE ALLUVIUM 


OLDER ALLUVIUM 


YOUNGER VOLCANICS 


PALEOZOIC SEDIMENTARY ROCKS 


BEDROCK, including: 


Older volcanics 
Precambrian igneous 
and metamorphic rocks 
Fault; arrows show upthrown 
and downthrown sides 


Potentiometric surface 


Schematic East-West Geologic Cross—Section Through The 


Kingman Study Area 


Reference: Signe Text 


Scole’ Horiz: Lin=2mi Vert: lin=1000'| 4PProved by’ tsp Drawn by: aca 


Geo Resource Consultants, Inc. 


CONSULTING GEOLOGISTS / ENGINEERS / GEOPHYSICISTS 
1620 MONTGOMERY STREET SAN FRANCISCO, CALIFORNIA 94111 


Jobno. 263-1H Date: 08/20/82 Plate 2 








ADlece 43955 (I976R) 
D 1640 (I980R) 697, — 


th 23ccb 
2950 (I963R) 
955, — O2Tacb 


A 4160 (198 


} 36ddo 
4500 (1980R) oO 
oy 


6dda 


“Bef cro E 


br 




















20aac 
93007 oso) 
303,U \ 








aoe | I980R)Q) 

26bb 582 (I LY 

ORR {toa 58,— = 
218,U 


34bdb 
4087 (I980R 
38, — 





4062 (i981) 
64, U 





I2acd 
4154 (I980R) 
6,- 


4119 
4,P 


& Zbdi 


7b IGbbb aga (1980R) 
7 3010 (1964) & 
2947 Al7abc 
56,- D 3034 a 630,U eI 
l4ccd ’ 
24bbb 
20bac D 2229@ @ 2338 


D2724m Dab 
202! 


2008 0976) he 20ded 
@:. 0 03236 
aa 
“N 
25dde A DS 
® 2025 (1965) 3aaal D 28D 00) 
435,— 2746 (I980R), 9 \ 
554,— 20 \ 
2740 (1982 \ 
(G)560, - 
& 


Ibdb 
2667 (I980R) 
00 635, — 


33ba0 
2440 (I980R) 
352,— 





\iddd 
D 3585 a 


24dac 
32° 50 (I980R). 
OS 


bbb 








3088" ti966) 
228, U 





\5aa0 (U 
@ 2216 ) 

\5dad 0) 
® 223! 

629,U 


2288 1966) Qa @30 


30bad 


a) B20¢00- 


2261, (1979) 
738, U 


4 35dab 2393 (1973), 


3592 (1979) 


br 


° bbc 


34 
4600 (pre-1980R) 


aes “\i980R) 


7, ay 


27ac 
2493 (\980R)~ 
289, 


3 
2501 igs 


29) 
2496 (I980R) 
282,- 





QD 29a0d 


29 
2498 (I980R) 
306, - 








ZiShge0 
115 (I98OR 
44, 


30cda 
2506 (I980R) 
439,- 





bdb cy 
839 (I980OR) 
96,— 


25dbd & 
A 





8add 
4797 (I980R) 
193,— 


27dbc & 
~4968 
~|60,- 


INTERPRETIVE HYDROGEOLOGIC SYMBOLS 


Equipotential line in valley alluvium or 
in younger volcanics in Kingman area, with elevation 
in feet above msl. 


Groundwater flow line in valley alluvium or in 
younger volcanics in Kingman area- 


Drainage divide: 
SW = surface water 
GW = ground water 


Line of cross section 

Possible boundary between two discontinuous 
flow systems in younger volcanics near 
Kingman 

Zone of possible bedrock faulting, queried where highly 
speculative: 


U = upthrown block 
D = downthrown block 


Alluvium, including younger alluvium, intermediate alluvium, 
and older alluvium 


Younger volcanics 


Bedrock, including older volcanics and Precambrian igneous 
and metamorphic rocks 


Paleozcic sedimentary rocks 
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Data Point Symbols 


e@ Spring field-checked by GRC 
oO Spring with reported measurement, not field-checked by GRC 
AA Well with unidentified producing formation 
A Well field-checked by GRC 
a Well with reported measurement, not field-checked by GRC 
@O6 Well with alluvium (includes Qal, QTs and Ts as described on 
Geologic Map) as the producing formation, or for dry holes, 
as the formation at the bottom of the well 
® Well field-checked by GRC 
© Well with reported measurement, not field-checked by GRC 
ae Well with bedrock (includes br, Tv and DCs as described on 
Geologic Map) as the producing formation, or for dry holes, 
as the formation at the bottom of the well 
x Well field-checked by GRC 
a 


Well with reported measurement, not field-checked by GRC 


Entry Formats for Data Points 


General: 
29bbb Site number without township and range 


2496 (I980R) Water elevation in feet above msl, followed by 
year of measurement if not taken by GRC in 1982. 
R indicates measurement taken from Remick's map. 


U indicates measurement was reported and date of 
measurement is unknown 


282,- Water level in feet below land surface, followed by 
symbol for site status at time of measurement 


Dry hole: 
\6ccd Site number without township and range 
D 3230 (1979) D for dry hole, followed by elevation of bottom 


of hole in feet above msl, followed by year of 
measurement if not taken by GRC in 1982 


Double entry: 


This format is generally used when GRC field-checked 
a site already on Remick's map. Remick's data are 
shown first, using general format. GRC data are shown 
beneath horizontal line. 


Double entry format is also used when the 1982 GRC 
water level measurement is indefinite (i.e., greater 


than 1000 feet), and an earlier reported measurement 
is also available. 


Spring data: 
36dbo Site number without township and range 


3970 (I980R) Elevation of spring in feet above msl, followed 
by year of measurement if not measured by GRC in 





. ' 
' 1982. R indicates measurement taken from Remick's map. 
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